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ABSTRACT
TIMING RELATIONSHIPS IN HUMAN CORTICAL PROCESSING
by
D a n i e l  M. R i c e  
U n i v e r s i t y  o f  New Ha m ps h i re ,  December ,  1986
A l t h o u g h  a number o f  s t u d i e s  have s u g g e s te d  t h a t  t h e  
phases o f  t h e  a l p h a  c y c l e  and t h e  c a r d i a c  c y c l e  r e f l e c t  
t e m p o r a l  r e l a t i o n s h i p s  i n  c o r t i c a l  p r o c e s s i n g ,  t h e s e  s t u d i e s  
a r e  n o t  c o n c l u s i v e .  The r ea s on  i s  t h a t  a l m o s t  a l l  o f  t h e s e  
s u g g e s t i o n s  have been based  upon t h e  d e m o n s t r a t i o n  t h a t  a 
measu re  o f  v i s u a l  p r o c e s s i n g  v a r i e s  w i t h  t h e  phase o f  t h e  a l p h a  
c y c l e  o r  t h e  c a r d i a c  c y c l e  a t  w h i c h  s t i m u l i  a r e  p r e s e n t e d .
These v i s u a l  e f f e c t s  c o u l d  have been caused by a p e r i p h e r a l  
mechan ism i n v o l v i n g  t h e  t r e m o r  o f  t h e  e y e s .  Because o f  t h i s ,  
t h i s  d i s s e r t a t i o n  was i n t e r e s t e d  i n  t h e  e f f e c t  o f  t h e s e  
p h y s i o l o g i c a l  c y c l e s  on a u d i t o r y  p e r f o r m a n c e .  I t  was rea soned
t h a t  i f  i t  c o u l d  be shown t h a t  a u d i t o r y  p e r f o r m a n c e  i s  a l s o
i n f l u e n c e d  by  t h e s e  p h y s i o l o g i c a l  c y c l e s ,  t h e n  i t  w o u ld  s u g g e s t  
t h a t  t h e  cau se  i s  due t o  a c e n t r a l  mechan ism i n v o l v i n g  c o r t i c a l  
p r o c e s s i n g ,  r a t h e r  t h a n  t o  a p e r i p h e r a l  mechan ism.
Th ro u g h  two p s y c h o p h y s i c a l  e x p e r i m e n t s ,  a u d i t o r y
p e r f o r m a n c e  e f f e c t s  we re  o b s e r v e d  as a f u n c t i o n  o f  t h e  phase o f  
t h e  a l p h a  c y c l e  and t h e  c a r d i a c  c y c l e  a t  w h i c h  s t i m u l i  w e re  
p r e s e n t e d .  The m a j o r  e f f e c t  was t h a t  s i g n a l  d e t e c t i o n  v a r i e d  
as a f u n c t i o n  o f  t h e  a l p h a  c y c l e .  A l s o ,  p o s t  hoc  a n a l y s i s  
s u g g e s te d  t h a t  t h e  c a r d i a c  c y c l e  a l s o  i n f l u e n c e  s i g n a l
d e t e c t i o n ,  w i t h  p e r f o r m a n c e  b e i n g  p o o r e r  a t  c a r o t i d  s y s t o l e .  
These e f f e c t s  were e x p l a i n e d  by assuming t h a t  t h e  a l p h a  c y c l e  
r e f l e c t s  a " n e u r o n i c  i n p u t  s h u t t e r "  w h i c h  i s  c l o s e d  f o r  a 
l o n g e r  d u r a t i o n  a t  c a r o t i d  s y s t o l e  due t o  b a r o r e c e p t o r  i n d u c e d  
c o r t i c a l  i n h i b i t i o n .  I n  a d d i t i o n  t o  t h e s e  p r i m a r y  f i n d i n g s ,  
f u r t h e r  p o s t  hoc a n a l y s e s  i n d i c a t e d  t h a t  t h e  a l p h a  c y c l e  a n d / o r  
t h e  c a r d i a c  c y c l e  had an e f f e c t  on t h e  d i f f e r e n c e  be tw ee n  
t a r g e t  and n o n - t a r g e t  r e a c t i o n  t im e s  and t h e  p r o b a b i l i t y  t h a t  
t h e  i n i t i a l  t a r g e t  c a t e g o r y  wo u l d  be i n d i c a t e d .  These 
s e c o n d a r y  e f f e c t s  we r e  s p e c u l a t i v e l y  e x p l a i n e d  by s u g g e s t i n g  
t h a t  t h e  o n s e t s  o f  p r o c e s s e s  w h ic h  p e r f o r m  re sp o n se  s e l e c t i o n  
and s t i m u l u s  e v a l u a t i o n  a r e  i o c ke d  i n  t im e  t o  t h e s e  
p h y s i o l o g i c a l  c y c l e s .  The c o n c l u s i o n  i s  t h a t  t he  t e m p o r a l  
r hy th m  o f  c o r t i c a l  o p e r a t i o n  i s  r e f l e c t e d  by t h e s e  
p h y s i o l o g i c a l  c y c l e s .
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I .  INTRODUCTION
In  t h e  h i s t o r y  o f  p s y c h o p h y s i o l o g i c a 1 e x p e r i m e n t a t i o n ,  
p r i m a r i l y  j u s t  two v a r i a b l e s  have been s t u d i e d  as c o r r e l a t e s  o f  
t h e  o n g o i n g  t e m p o r a l  r e l a t i o n s h i p s  ' i n  human c o r t i c a l  
p r o c e s s i n g .  These a r e  t h e  c a r d i a c  c y c l e  and t h e  EEG a l p h a  
c y c l e .  However ,  as w i l l  be r e v i e w e d  i n  t h e  f i r s t  c o u p l e  o f  
s e c t i o n s  o f  t h i s  d i s s e r t a t i o n ,  m os t  o f  t h e  e v i d e n c e  w h ic h  has 
r e l a t e d  t h e s e  two mea su res  t o  c o r t i c a l  p r o c e s s i n g  has been f r o m  
e x p e r i m e n t s  d e a l i n g  w i t h  t h e  v i s u a l  m o d a l i t y .  T h i s  e v i d e n c e  
f r o m  t h e  v i s u a l  m o d a l i t y  i s  n o t  c o n c l u s i v e ,  as t h e s e  v i s u a l  
e f f e c t s  c o u l d  be due t o  a p e r i p h e r a l  mechan i sm i n v o l v i n g  t h e  
t r e m o r  o f  t h e  e ye s ,  w h i c h  i s  l o c k e d  i n  phase t o  t h e  a l p h a  
r h y t h m  and t h e  c a r d i a c  c y c l e  (Bindman and L i p p o l d ,  1 9 81 ) .  I n 
o r d e r  t o  e s t a b l i s h  t h a t  t h e s e  two p h y s i o l o g i c a l  s i g n a l s  r e l a t e  
t o  c o r t i c a l  p r o c e s s i n g ,  more e v i d e n c e  has t o  be o f f e r e d  f r o m  a 
m o d a l i t y  o t h e r  t h a n  v i s i o n .  T h r o u g h  th e  p r e s e n t a t i o n  o f  
r e s u l t s  f r o m  two p s y c h o p h y s i c a l  e x p e r i m e n t s ,  t h i s  d i s s e r t a t i o n  
w i l l  s u g g e s t  t h a t  a u d i t o r y  p r o c e s s i n g  does  i n de ed  v a r y  w i t h  t h e  
phase o f  t h e  a l p h a  and c a r d i a c  c y c l e s .  The g e n e r a l  c o n c l u s i o n  
w i l l  be  t h a t  t h i s  s u p p o r t s  t h e  i d ea  t h a t  t h e  t e m p o r a l  c o u r s e  o f  
c o r t i c a l  p r o c e s s i n g  v a r i e s  w i t h  t h e  phase o f  t h e  a l p h a  and t h e  
c a r d i a c  c y c l e .
The  m a j o r  e v i d e n c e  w h i c h ' w i l l  be used t o  s u p p o r t  t h i s  
c o n c l u s i o n  i s  an e x p e r i m e n t a l  r e s u l t  w h i c h  had been a n t i c i p a t e d  
by t h e  p r e v i o u s  l i t e r a t u r e  and w h ic h  s u g g e s t s  t h a t  a u d i t o r y  
s i g n a l  d e t e c t i o n  p e r f o r m a n c e  v a r i e s  d i r e c t l y  w i t h  t h e  a l p h a  and 
t h e  c a r d i a c  c y c l e s .  T h i s  e x p e r i m e n t a l  r e s u l t  w i l l  be t ak e n  t o
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i n d i c a t e  t h a t  a " n e u r o n i c  i n p u t  s h u t t e r "  p a r t i a l l y  opens  and 
p a r t i a l l y  c l o s e s  a c r o s s  t ime  as a f u n c t i o n  o f  t h e  a l p h a  and the  
c a r d i a c  c y c l e .  B e s i d e s  t h i s  " n e u r o n i c  i n p u t  s h u t t e r "  e f f e c t ,  
p o s t  hoc  a n a l y s e s  w i l l  p o i n t  t o  e x p e r i m e n t a l  r e s u l t s  wh i ch  
s u g g e s t  t h a t  t h e  a l p h a  c y c l e  and t he  c a r d i a c  c y c l e  a r e  r e l a t e d  
t o  o t h e r  s t i m u l u s - r e s p o n s e  p r o c e s s i n g  co m po ne n ts .  W h i l e  t he s e  
po s t  hoc  e f f e c t s  had been u n a n t i c i p a t e d  by t h e  p r e v i o u s  
l i t e r a t u r e  and,  t h u s ,  have t o  be c o n s i d e r e d  s e c o n d a r y  u n t i l  
t hey  a r e  r e p l i c a t e d ,  t hey  a r e  a l s o  e x p l a i n a b l e  by a s s u m in g  t h a t  
t he  t e m p o r a l  r h y t h m  o f  c o r t i c a l  p r o c e s s i n g  i s  d i r e c t l y  r e l a t e d  
to  t h e  a l p h a  and c a r d i a c  c y c l e s .  The m a j o r  i m p l i c a t i o n  o f  t h i s  
d i s s e r t a t i o n  i s  t h a t  t h e  a l p h a  c y c l e  and t h e  c a r d i a c  c y c l e  
m ig h t  p r o v i d e  a u n i q u e  window i n t o  t he  t i m e  c o u rs e s  o f  a s e t  o f  
s t i m u l u s - r e s p o n s e  p r o c e s s i n g  componen ts  w h i c h  a r e  r e l a t e d  t o  
c o r t i c a l  a c t i v i t y .
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I I .  REVIEW OF PREVIOUS LITERATURE 
The Card i ac  C y c 1e E f f e c t
I n t e r e s t  i n  t h e  e f f e c t  o f  c a r d i o v a s c u l a r  d y n am ic s  on 
c o r t i c a l  i n f o r m a t i o n  p r o c e s s i n g  can be t r a c e d  t o  t h e  h y p o t h e s i s  
w h i c h  Lacey  f i r s t  su g ge s t e d  i n  t h e  1 9 5 0 ' s .  T h i s  h y p o t h e s i s  
v i e w e d  t h e  c a r d i a c  c y c l e  t o  o p e r a t e  as t h e  f u n d a m e n t a l  c l o c k  
c y c l e  o f  t he  c e r e b r a l  c o r t e x .  I n  L a c e y ' s  own w o r d s ,  t h e  
c a r d i a c  c y c l e  was h y p o t h e s i z e d  t o  " c o n t r o l  t h e  d u r a t i o n  o f  an 
e p i s o d e  o f  s t i m u l u s  p ro du ced  a c t i v a t i n g  p r o ce ss e s  i n  t h e  b r a i n "  
(L a ce y ,  1967. P- 2 7 ) .
L a c e y ' s  h y p o t h e s i s  was b u i l t  a r o u n d  th e  f o l l o w i n g  t h r e e  
m a j o r  p o i n t s .  l ) T h e  b a r o r e c e p t o r s  o f  t h e  a o r t i c  a r c h  and t h e  
c a r o t i d  s i n u s ,  when s u f f i c i e n t l y  s t r e t c h e d ,  s h o u l d  cause 
i n h i b i t o r y  n e u r a l  a c t i v i t y  w h i c h  w i l l  be ,  among o t h e r  t h i n g s ,  
t r a n s m i t t e d  a l o n g  an a f f e r e n t  pa thway  r e s u l t i n g  i n  m o d u l a t i o n  
o f  a c t i v i t y  a t  t h e  c e r e b r a l  c o r t e x .  T h i s  p o i n t  was a n c h o r e d  i n  
t h e  n e u r o p h y s i o l o g i c a l  wo rk  o f  B o n v a l l e t ,  D e l l ,  and H i e b e l  
( 195*0 , who had been a b l e  t o  show t h a t  a d i r e c t  i n h i b i t o r y  
i n f l u e n c e  e x i s t e d  between d i s t e n s i o n  o f  t h e  c a r o t i d  s i n u s  and 
e 1e c t r o c o r t i c a 1 a c t i v i t y .  2 ) I t  was assumed t h a t  a s u f f i c i e n t  
c o n d i t i o n  f o r  t h e  a c t i v a t i o n  o f  t h i s  i n h i b i t o r y  a f f e r e n t  
pa th wa y  s h o u l d  be  t he  h i g h  p r e s s u r e  a t  t h e  c a r o t i d  s i n u s  
r e s u l t i n g  f r om  t h e  s y s t o l i c  ph ase  o f  t h e  c a r d i a c  c y c l e .  3) ■ t  
was assumed t h a t  t h i s  e f f e c t  s h o u l d  be c l e a r l y  d e m o n s t r a b l e  i n  
w e l l  c o n t r o l l e d  e x p e r i m e n t s  w h i c h  v a r y  c o r t i c a l  i n f o r m a t i o n  
p r o c e s s i n g  i n d e p e n d e n t l y  a c r o s s  d i a s t o l e  and s y s t o l e  o f  t h e  
c a r o t i d  a r t e r y .  The i m p l i c a t i o n  was t h a t  d u r i n g  c a r o t i d
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s y s t o l e ,  c o r t i c a l .  p r o c e s s i n g  w o u ld  be s l o w e r  and l e s s  
r e s p o n s i v e  due t o  t h i s  i n h i b i t o r y  phase o f  t h e  c a r d i a c  c y c l e .  
On t h e  o t h e r  hand,  d u r i n g  c a r o t i d  d i a s t o l e ,  c o r t i c a l  p r o c e s s i n g  
wo u l d  be f a s t e r  and more r e s p o n s i v e .
T h r o u g h  t h e  su b s e q u e n t  t w e n t y - f i v e  y e a r s  s i n c e  L a c e y ' s  
i n i t i a l  h y p o t h e s i s ,  t h e r e  has been a l a r g e  amount  o f  r e s e a r c h  
a imed a t  a s s e s s i n g  t h a t  h y p o t h e s i s .  Sandman,  W a l k e r ,  and Be rk a  
( 1982) have  re v i e w e d  t h e  most  p e r t i n e n t  f i n d i n g s  o f  t h i s  
r e s e a r c h  e r a .  T h i s  r e v i e w  w i l l  b o r r o w  f ro m  them and j u s t  co v e r  
t h e  m a j o r  d e t a i l s  w h i c h  one w o u ld  need t o  u n d e r s t a n d  t h e  
p r e s e n t  c o n c l u s i o n s .
The h i s t o r y  o f  t h i s  r e s e a r c h  b r e a k s  down i n t o  t h r e e
c o n v e n i e n t  s t a g e s .  The f i r s t  s t a g e  was d u r i n g  t h e  e a r l y  and 
m id  6 0 ' s ,  when t he  i n i t i a l  s t u d i e s  s u p p o r t e d  t h e  Lacey
h y p o t h e s i s ,  t hough  n o t  s t r o n g l y  so .  A second  s t a g e  d e v e l o p e d  
d u r i n g  t h e  e a r l y  7 0 ' s  and i t  was c h a r a c t e r i z e d  by s t u d i e s  w h i c h  
d i d  n o t  s u p p o r t  t h e  Lac ey  h y p o t h e s i s .  F i n a l l y ,  i n  t h e  l a t e r
7 0 ' s  and e a r l y  8 0 ' s  a s e t  o f  e x p e r i m e n t s  has s u p p o r t e d  L a c e y ' s
p r e d i c t i o n  t h a t  t h e  c a r d i a c  c y c l e  has a c o n t r o l l i n g  i n f l u e n c e  
on t h e  t e m p o r a l  p r o p e r t i e s  o f  human c o r t i c a l  p r o c e s s i n g .  
Howeve r ,  t h e s e  l a t e r  e x p e r i m e n t s  do n o t  d ra w  a r e a l  c o n c l u s i v e  
and p r e c i s e  p i c t u r e  o f  t h e  mechan i sm o f  t h i s  i n f l u e n c e .  I n  
f a c t ,  t h e s e  l a t e r  e x p e r i m e n t s  s u g g e s t  t h a t  t h e  mechan i sm i s  a 
b i t  more c o m p l i c a t e d  t h a n  w h a t  Lacey f i r s t  p r o p o s e d .  The wo rk  
f r om  each o f  t h e s e  s t a g e s  w i l l  be r e v i e w e d .
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The e a r l y  work o f  t h e . 6 0 1s d i d  a p p e a r  t o  p r o v i d e  s u p p o r t  
f o r  L a c e y ' s  h y p o t h e s i s  w i t h  r e s p e c t  t o  t h e  c a r d i a c  c y c l e  
( B i r r e n ,  Ca r d o n ,  and P h i l l i p s ,  1963; C a l l a w a y  and La yn e ,  1964 ) .  
However ,  t h e  r e s u l t s  t h a t  were p r o v i d e d  wer e  n o t  s t r o n g l y  
s i g n i f i c a n t  and t he y  w e r e  m a i n l y  based  upon p o s t  hoc  a n a l y s e s  
r a t h e r  t h a n  c o n t r o l l e d  e x p e r i m e n t s .  The s u g g e s t i o n  o f  t h e s e  
d a t a  was t h a t  d u r i n g  t h e  e a r l y  p a r t  o f  t h e  c a r d i a c  c y c l e  (P 
wave o f  t h e  EKG, c o r r e s p o n d i n g  t o  a t r i a l  c o n t r a c t i o n  and t o  a 
more d i a s t o l i c  p o r t i o n  o f  t h e  c a r o t i d  pu l s e )  v i s u a l  s i m p l e  
r e a c t i o n  t i m e  was f a s t e r  t han a t  a l a t e r  p a r t  o f  t h e  c a r d i a c  
c y c l e  ( t h e  T wave o f  t h e  EKG c o r r e s p o n d i n g  t o  a more  s y s t o l i c  
phase o f  t h e  c a r o t i d  p u l s e ) .  These r e s u l t s  we re  i n t e r p r e t e d  as 
s u p p o r t i n g  t h e  Lacey h y p o t h e s i s ;  a l a r g e  amount  o f  i n h i b i t o r y  
a c t i v i t y  r e s u l t i n g  f r o m  c a r o t i d  s y s t o l e  was p r e su m e ab ly  
r e s p o n s i b l e  f o r  t h e  l o n g e r  r e a c t i o n  t i m e s  t h e n .
D u r i n g  t h e  e a r l y  7 0 ‘ s some r e s e a r c h  appeared  w h i c h  d i d  n o t  
s u p p o r t  t h e  Lacey h y p o t h e s i s .  E l l i o t  and G r a f  (1972) and 
D e l f i n i  and Campos (1972)  a r e  t h e  m a j o r  pape rs  f r o m  t h i s  second 
s t a g e .  B o t h  o f  t h e s e  e x p e r i m e n t s  measured p e r c e p t u a l  
s e n s i t i v i t y  ( t o  l i g h t  f l a s h e s  w i t h  a f o r e w a r n i n g  s i g n a l )  a c r o s s  
f o u r  d i f f e r e n t  phases o f  t h e  c a r d i a c  c y c l e  (QRS, T ,  T -P ,  and P 
o f  t he  EKG).  N e i t h e r  o f  t he se  e x p e r i m e n t s  f ou nd  s t a t i s t i c a l l y  
s i g n i f i c a n t  r e s u l t s  w h i c h  c o u l d  be t a k e n  as s u p p o r t i v e  o f  t h e  
Lacey h y p o t h e s i s .  Beca use  o f  t h i s  l a c k  o f  s t a t i s t i c a l  
s i g n i f i c a n c e ,  n e i t h e r  o f  t hes e  p a p e r s  c l a im e d  s u p p o r t  f o r  t h e  
Lacey h y p o t h e s i s .
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D u r in g  t h e  l a t e r  7 0 ' s ,  some wo rk  began t o  a p p e a r  w h i c h
a g a i n  was s u p p o r t i v e  o f  L a c e y ' s  c o n t e n t i o n .  Sandman,  McCanne,
K a i s e r ,  and Diamond (1977) c r i t i c i z e d  t h e  n e g a t i v e  f i n d i n g s
f r o m  t h e  e a r l y  J O ' s  f o r  m e t h o d o l o g i c a l  r e a s o n s .  I n  p a r t i c u l a r ,  
t h e y  c r i t i c i z e d  th e s e  p a s t  s t u d i e s  f o r  n o t  v a r y i n g  t h e  t i m e
c o u r s e  o f  t h e  p e r c e p t u a l  s t i m u l u s .  Sandman e t  a l  . (1977)
assumed t h a t  t h e  c a r d i a c  c y c l e  e f f e c t  w o u ld  be m o s t  a p p a r e n t  
when th e  s t i m u l u s  i s  o f  a v e r y  s h o r t  d u r a t i o n .  The r ea son  i s
t h a t  v e r y  s h o r t  d u r a t i o n  s t i m u l i  p r e s u m e a b l y  do n o t  cause as
much c o r t i c a l  e x c i t a t i o n  as l o n g e r  d u r a t i o n  s t i m u l i  and,  
t h e r e f o r e ,  t h e y  sh o u ld  be more d rowned o u t  by b a r o r e c e p t o r  
i n du c ed  c o r t i c a l  i n h i b i t i o n  t ha n  l o n g e r  d u r a t i o n  s t i m u l i .
T h u s ,  i n  t h e i r  e x p e r i m e n t ,  t h e y  v a r i e d  t he  d u r a t i o n  o f  t h e  
v i s u a l  s t i m u l i .  A l s o ,  u n l i k e  t h e  s t u d i e s  t h a t  had g i v e n  
n e g a t i v e  f i n d i n g s ,  no w a r n i n g  s i g n a l  was g i v e n  p r i o r  t o  t h e  
p e r c e p t u a l  s t i m u l u s  i n  t h e i r  e x p e r i m e n t .  ( T h i s  l i t t l e  d e t a i l  
w i l l  p ro v e  t o  be  o f  some i m p o r t a n c e  l a t e r  on . )  T h e i r  f i n d i n g  
was t h a t  t h e  c a r d i a c  c y c l e  e f f e c t  was o n l y  s t a t i s t i c a l l y  
p r o m i n e n t  i n  t h e  p r e s e n c e  o f  t h e  s h o r t e s t  d u r a t i o n  s t i m u l i .
T h e i r  r e s u l t s  were i n  a c c o r d  w i t h  t h e  Lacey h y p o t h e s i s .  The 
s h o r t e s t  d u r a t i o n  s t i m u l i  w e re  p e r c e i v e d  s i g n i f i c a n t l y  l e s s  
o f t e n  d u r i n g  t h e  T wave (more s y s t o l i c  i n  phase a t  t h e  c a r o t i d  
a r t e r i e s )  o f  t h e  c a r d i a c  c y c l e  as compared t o  b e i n g  p e r c e i v e d  
s i g n i f i c a n t l y  more o f t e n  d u r i n g  t h e  P wave (more d i a s t o l i c  i n  
ph ase  a t  t h e  c a r o t i d  a r t e r i e s )  o f  t h a t  c y c l e .
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Sa ar i  and Pappas (1976)  a l s o  o f f e r e d  r e s u l t s  i n  s u p p o r t  o f  
t h e  Lacey h y p o t h e s i s .  They measured t h e i r  s u b j e c t s '  c h o i c e  
r e a c t i o n  t i m e s  t o  v i s u a l  v s .  a u d i t o r y  s t i m u l i  ( w i t h o u t  a 
f o r e w a r n i n g  s i g n a l )  a c r o s s  d i f f e r e n t  phases  o f  t h e  EKG c y c l e .  
They  fou nd  t h a t  t h e  r e a c t i o n  t imes  w e r e  s i g n i f i c a n t l y  s l o w er  t o  
s t i m u l i  p r e s e n t e d  a t  t h e  p o r t i o n  o f  t h e  EKG c y c l e  wh i ch  i s  
a b o u t  2 / 9  o f  t h e  c a r d i a c  c y c l e  d u r a t i o n  a f t e r  t h e  R wave (wh i ch 
c o r r e s p o n d s  t o  a more s y s t o l i c  ph as e  o f  t he  c a r o t i d  p u l s e ) . 
Thes e  r e s u l t s  w e r e  t r u e  f o r  bo t h  a u d i t o r y  and v i s u a l  r e a c t i o n  
t i m e s .  They  wer e  t a k e n  t o  s u p p o r t  L a c ey ' s  p r e d i c t i o n  o f  
changes i n  t h e  t i m e  c o u r s e  o f  p r o c e s s i n g  as a f u n c t i o n  o f  t h e  
c a r d i a c  c y c l e .
However ,  o t h e r  wo rk  showed t h a t  a n o t h e r  f a c t o r  m i g h t  have 
t o  be c o n s i d e r e d  i n  r e l a t i o n s h i p  t o  t h i s  c a r d i a c  c y c l e  e f f e c t .  
U s i n g  an a u d i t o r y  s i g n a l  d e t e c t i o n  p a r a d i g m ,  V e l de n  and J u r i s  
(1975) f o u n d  t h a t  t h e  a b i l i t y  t o  d e t e c t  a 1000 H z .  a u d i t o r y  
s i g n a l  i n  t h e  p r e s e n c e  o f  n o i s e  f l u c t u a t e d  a t  an 8 Hz .  r hy t hm  
w h i c h  was l o c k e d  i n  p h as e  t o  c a r o t i d  s y s t o l e .  T h a t  i s ,  when 
t h e y  c a l c u l a t e d  th e  mean p e r f o r m a n c e  sco re s  a t  33 msec,  
i n t e r v a l s  a c r o s s  t he  m e c h a n i c a l  c a r d i a c  c y c l e  b e g i n n i n g  a t  
c a r o t i d  s y s t o l e ,  t he  d a t a  f ormed a s t a t i s t i c a l l y  s i g n i f i c a n t  8 
Hz.  t r e n d  a c r o s s  t h e  d u r a t i o n  o f  t h e  c a r d i a c  c y c l e .  On t h e  
o t h e r  hand,  wh en  t he y  c a l c u l a t e d  t h e  mean p e r f o r m a n c e  sc o r e s  a t  
33 msec.  i n t e r v a l s  a c r o s s  t h e  e l e c t r i c a l  c a r d i a c  c y c l e  
b e g i n n i n g  a t  t h e  Q wave o f  t h e  EKG, t h e  d a t a  d i d  n o t  f orm a 
s t a t i s t i c a l l y  s i g n i f i c a n t  rhy thm a c r o s s  t he  e n t i r e  c a r d i a c  
c y c l e .  They i n t e r p r e t e d  t h e i r  r e s u l t s  t o  s u g g e s t  t h a t  t h e
Page 8
m e c h a n i c a l  c a r d i a c  c y c l e  o r g a n i z e d  t h e  p e r c e p t u a l  i n t a k e  
c a p a c i t i e s  o f  t h e  c o r t e x  i n t o  a r h y t h m  in  t h e  EEG a l p h a  
f r e q u e n c y  ra n g e  w h ic h  was phase  l o ck ed  t o  c a r o t i d  s y s t o l e .  At  
t h e  t i m e  o f  t h e i r  s t u d y ,  t h e r e  was no known n e u r o p h y s i o 1o g i c a 1 
c o r r e l a t e  t o  t h i s  p e r c e p t u a l  p e r f o r m a n c e  e f f e c t .  T h a t  i s ,  
t h e r e  we r e  no d a t a  t o  i n d i c a t e  t h a t  t h e  s po n t a n e o u s  EEG a l p h a  
waves a r e  phase l o c k e d  t o  t h e  p u l s e  a t  t h e  c a r o t i d  a r t e r i e s .
T h i s  has a l l  been changed  w i t h  t h e  wo rk  o f  Sandman e t  a l .  
( 1982)  and W a lk e r  and W a l k e r  ( 1983) .  These  w o r k e r s  r e c o r d e d  
f r o m  s t a n d a r d  EEG e l e c t r o d e  s i t e s  f o r  b o t h  t h e  v i s u a l  and 
a u d i t o r y  m o d a l i t i e s  and o b s e r v e d  t h e  phase r e l a t i o n s h i p  be tween 
t h e  EEG a l p h a  waves  and t h e  c a r o t i d  p u l s e .  They f o u n d  t h a t  t h e  
p o s i t i v e l y  g o i n g  phase o f  t h e  EEG a l p h a  wave was o b s e r v e d  t o  be 
l o c k e d  i n  phase t o  c a r o t i d  s y s t o l e  a c r o s s  i n d i v i d u a l s ,  w h i l e  
t h e  n e g a t i v e l y  g o in g  phase o f  t he  EEG a l p h a  wave was ob s e r v e d  
t o  be  l o ck ed  i n  phase t o  c a r o t i d  d i a s t o l e  a c r o s s  i n d i v i d u a l s .
T h i s  f i n d i n g ,  when c o u p l e d  w i t h  t h e  ab ove  m e n t i o n e d  V e l de n  and
J u r i s  (1975) f i n d i n g ,  s e r i o u s l y  c a l l s  i n t o  q u e s t i o n  any
i n t e r p r e t a t i o n  o f  t h e  c a r d i a c  c y c l e ' s  c o r t i c a l  p r o c e s s i n g
e f f e c t  wh i ch  does  n o t  c o n s i d e r  t h e  EEG a l p h a  rh y t h m  t o  be a 
r e l a t e d  f a c t o r .
A l t h o u g h  L a c e y ' s  h y p o t h e s i s  t h a t  t h e  c a r d i a c  c y c l e  
i n f l u e n c e s  t h e  t i m e  c o u r s e  o f  c o r t i c a l  p r o c e s s i n g  has been 
l a r g e l y  s u p p o r t e d ,  a c o u p l e  o f  m a j o r  q u e s t i o n s  s t i l l  r em a i n  
a b o u t  t h e  e x t e n t  and n a t u r e  o f  h i s  o r i g i n a l  p r o p o s e d  mo d e l .  
F i r s t  o f  a l l ,  t h e  f a i l u r e  t o  f i n d  p e r f o r m a n c e  f l u c t u a t i o n s  
a c r o s s  t h e  c a r d i a c  c y c l e  i n  t he  e x p e r i m e n t s  w h i c h  used a
Page 9
f o r e w a r n i n g  s t i m u l u s  ( E l l i o t  and G r a f ,  1972; D e l f i n i  and
Campos, '  1972) i s  b a f f l i n g  t o  L a c e y ' s  m od e l .  S e c o n d l y ,  g i v e n  
t h a t  t h e  a l p h a  waves a r e  l o c k e d  i n  phase  t o  t h e  c a r d i a c  c y c l e ,  
i t  c o u l d  be t h a t  t h e  o b s e r v e d  c a r d i a c  c y c l e  e f f e c t s  a r e  due t o  
a mechan ism i n v o l v i n g  t h e  a l p h a  r h y t h m  d i r e c t l y ,  r a t h e r  t h a n
t h e  b a r o r e c e p t o r  a f f e r e n t  f e e d b a c k  mechan ism w h i c h  Lacey
p r o p o s e s .
The p o i n t  i s  t h a t  t h e  sp o n t a n e o u s  EEG a l p h a  waves  c o u l d  be 
d i r e c t l y  i n v o l v e d  i n  t h e  mechan ism t h r o u g h  w h ic h  t h e  c a r d i a c  
c y c l e  o r g a n i z e s  t h e  t im e  c o u r s e  and s e n s i t i v i t y  o f  c o r t i c a l
p r o c e s s i n g .  T h i s  c o u l d  be due t o  a p r o c e s s i n g  d e l a y  o r
a t t e n u a t i o n  w h i c h  depends d i r e c t l y  on t he  phase o f  t h e
s po n t a n e o u s  a l p h a  r h y t h m .  Th e r e  a r e  two good re a so n s  t o  
b e l i e v e  t h i s  p o s s i b i l i t y .  F i r s t  o f  a l l ,  t h e r e  i s  a l o t  o f  
e v i d e n c e  w h i c h  s u g g e s t s  t h a t  c o r t i c a l  p r o c e s s i n g  i s  i n f l u e n c e d  
by  t h e  phase o f  t h e  EEG a l p h a  c y c l e .  S e c o n d l y ,  t h e  a. lpha 
rh y t h m  i s  b l o c k e d  by f o r e w a r n i n g  s i g n a l s  i n  r e a c t i o n  t im e  
t a s k s ,  j u s t  as t h e  " c a r d i a c  c y c l e  e f f e c t "  i s  a l s o  b l o c k e d  by 
such f o r e w a r n i n g  s i g n a l s .  Bo th  o f  t h e s e  i d e a s  w i l l  be
d i s c u s s e d  i n  t h e  n e x t  s e c t i o n .
The EEG A1pha C v c 1e E f f e c t
The i d e a  t h a t  t h e  sp o n t an eo us  s c a l p  r e c o r d e d  a l p h a  waves 
(7~tJ* c y c l e s / s e c . )  r e f l e c t  t h e  t e m p o r a l  p r o p e r t i e s  o f  c o r t i c a l  
p r o c e s s i n g  can  be d a t e d  back  t o  t h e  w r i t i n g s  o f  L i n d s  l e y  i n  t h e  
1 9 5 0 ' s  and 1 9 & 0 ' s .  L i n d s l e y  s t a t e d  h i s  h y p o t h e s i s  as f o l l o w s :
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I f  i t  i s  a r b i t r a r i l y  assumed t h a t  t h e  
p h a s i c  e x c i t a b i l i t y  [ o f  t h e  c o r t e x ]  o c c u r s  on 
t h e  c r e s t  o f  t h e  [ a l p h a ]  wave and t he  p h a s i c  
i n e x c i t a b i l i t y  i n  t h e  t r o u g h ,  i t  may be seen 
t h a t  f o r  t h e  e n t i r e  mass o f  u n i t s  b e a t i n g  
s y n c h r o n o u s l y ,  as i n  t h e  homogeneous s t a t e ,  
e x c i t a b l e  p o i n t s  o c c u r  e v e r y  100 m s e c . ,  o r  
e v e r y  t e n t h  o f  a seco nd .  T hu s ,  a k i n d  o f  
n e u r o n i c  s h u t t e r  mechan ism (a n a lo g o u s  t o  t h e  
s h u t t e r  on a m ov ie  p r o j e c t o r )  may r e g u l a t e  
t h e  i n f l u x  o f  s e n s o r y  messages ,  b r e a k i n g  up 
t h e  more o r  l e s s  c o n t i n u o u s  a f f e r e n t  f l o w  
f r o m  s t i m u l i  o f  t h e  e x t e r n a l  w o r l d  and 
p r e v e n t i n g  w h a t  o t h e r w i s e  m i g h t  be a c h a o t i c  
c o n d i t i o n .  I t  p r o v i d e s  a c o d i n g  sys tem f o r  
p r o c e s s i n g  i n f o r m a t i o n  w h i c h  goes  beyond t h a t  
p r o v i d e d  by r e c e p t o r s .  T h i s  m i g h t  l e ad  t o  
a n a l y s i s  by s c a n n i n g ,  m a t c h i n g ,  and 
i d e n t i f y i n g ,  p r i m a r i l y  i n  t e r m s  o f  t e m p o r a l  
f a c t o r s .  ( L i n d s l e y ,  1961 , pp .  3^*0 — 3 +^1)
L i n d s  l e y  assumed t h a t  t h e  s c a l p  r e c o r d e d  EEG a l p h a  waves 
r e p r e s e n t e d  t h e  summat ion o f  n e u r a l  a c t i v i t y  i n  t h e  c o r t e x  and 
t h a t  t h e  a l p h a  wave phase r e p r e s e n t e d  t h e  r e l a t i v e  s t a t e  o f  
c o r t i c a l  e x c i t a b i l i t y .  L i n d s l e y  assumed t h a t  t h e s e  sy nc h r o n o u s  
a l p h a  waves r e p r e s e n t e d  t i m e s  when t h e  masses o f  n e u r a l  
a c t i v i t y  i n  t h e  c o r t e x  we r e  homogeneous,  o r  o f  one g i v e n  
r h y t h m .  On t h e  o t h e r  hand ,  t h e  a sy n c h ro n o u s  wa ve s ,  w h i c h  o c c u r
when t h e  a l p h a  waves a r e  " b l o c k e d "  by o v e r t  s t i m u l i ,  were t o  j!
r e p r e s e n t  t im e s  when t h e  masses o f  n e u r a l  a c t i v i t y  i n  t h e  I
c o r t e x  w e re  d i f f e r e n t i a t e d  i n  r h y t h m .  T h a t  i s ,  i n  L i n d s l e y ' s  |
f.
t h i n k i n g ,  t h e  a s y n c h r o n o u s  waves r e p r e s e n t  p o l y r h y t h m i c  i
c o r t i c a l  s t a t e s .  F i g u r e  1 d e p i c t s  L i n d s l e y ' s  p r o p o s e d  m o d e l .
E l e c t r o p h y s i o l o g i c a l  wo rk  w h i c h  has compared c o r t i c a l  a c t i v i t y  j
w i t h  s c a l p  a c t i v i t y  has s u p p o r t e d  L i n d s l e y ' s  c o n t e n t i o n  t h a t  j
t
t h e  a l p h a  waves r e f l e c t  s y nc h r o n o u s  c o r t i c a l  u n i t  a c t i v i t y ,  (
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wh er e as  t h e  n o n - r h y t h m i c  waves r e f l e c t  t i m e s  when t h e r e  i s  l e s s  
s y n c h r o n y  i n  c o r t i c a l  u n i t  a c t i v i t y  (V e r ze an o ,  L a u f e r ,  Spea r ,  
and McDona ld,  1 9 7 0 ) .  V e r z e a n o ' s  model  o f  t h e s e  r e l a t i o n s h i p s  
i s  d e p i c t e d  i n  F i g u r e  2 .
As L i n d s l e y  s u g g e s t e d  i n  t h e  above q u o t e ,  a d i r e c t  
r e l a t i o n s h i p  was p o s t u l a t e d  b e t w e e n  t h e  phase o f  t h e  a l p h a  
r h y t h m  and t h e  r e l a t i v e  s t a t e  o f  c o r t i c a l  e x c i t a b i l i t y .  T h i s  
r e l a t i o n s h i p  was n o t  h y p o t h e s i z e d  t o  h o ld  f o r  t h e  s c a l p  
r e c o r d e d  l ower  a m p l i t u d e  d e s y n c h r o n i z e d  waves.  I n s t e a d ,  t h e  
more d i f f e r e n t i a t e d  c o r t i c a l  r h y t h m s ,  w h i c h  the  l o w e r  a m p l i t u d e  
d e s y n c h r o n i z e d  waves r e p r e s e n t ,  w o u l d  a l l o w  an a l m o s t  
c o n t i n u o u s  s t a t e  o f  c o r t i c a l  e x c i t a b i l i t y .  T h i s  i s  becau se ,  
w i t h  many d i f f e r e n t  r h y t h m s ,  t h e  p r o b a b i l i t y  o f  a g i v e n  rh y t hm  
b e i n g  a t  i t s  peak  e x c i t a b i l i t y  a t  any  one t i m e  i s  r e l a t i v e l y  
h i g h  compared t o  t h e  s i t u a t i o n  w i t h  one homogeneous r h y t h m .
L i n d s l e y  and h i s  c o - w o r k e r s  p r o v i d e d  e v i d e n c e  f o r  t h i s  
model  w i t h  t h e  f o l l o w i n g  b e h a v i o r a l  d e m o n s t r a t i o n .  I t  had been 
known f o r  y e a r s  t h a t  r e a c t i o n  t i m e s  a r e  s h o r t e r  i f  a 
f o r e w a r n i n g  s i g n a l  i s  g i v e n  p r i o r  t o  t h e  s t i m u l u s  t o  w h i c h  t h e  
s u b j e c t  i s  t o  r e a c t .  L a n s i n g ,  S c h w a r t z  and L i n d s l e y  (1959) 
we r e  a b l e  t o  show t h a t  t h e  i n t e r v a l  i n  w h i c h  t h e  maximal  
r e d u c t i o n  o f  r e a c t i o n  t i m e  o c c u r s  i s  0 . 3  s e co nd s  o r  more .  
F u r t h e r m o r e ,  t h e y  w e r e  a b l e  t o  show t h a t  t h i s  t i m e  c o r r e s p o n d s  
e x a c t l y  t o  t h e  t i m e  r e q u i r e d  f o r  t h e  f o r e w a r n i n g  s i g n a l  t o  
" b l o c k "  o r  d e s y n c h r o n i z e  t h e  a l p h a  rh y t hm  o f  t h e  s u b j e c t  i n  
t h i s  e x p e r i m e n t a l  p a r a d i g m .  (A lp h a  waves  a r i s e  i n  s t a t e s  o f  
awake and r e s t i n g  c o r t i c a l  a c t i v i t y  and a r e  d e s y n c h r o n i z e d  i n t o
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low a m p l i t u d e  waves when n o v e l  s t i m u l i  a c t i v a t e  t h e  c o r t e x . )  
T hu s ,  t h e y  w e re  a b l e  t o  show a d i r e c t  r e l a t i o n s h i p  be twee n  a 
b e h a v i o r a l  measu re  o f  c o r t i c a l  e x c i t a b i l i t y  ( r e a c t i o n  t im e )  and 
t h e  t i m e  c o u r s e  o f  t h e  a l p h a  b l o c k i n g  phenomenon w h i c h  r e s u l t s  
i n  l o w e r  a m p l i t u d e  d e s y n c h r o n i z e d  waves .  R e a c t i o n  t i m e  was 
s h o r t e s t  when a w a r n i n g  s i g n a l  d e s y n c h r o n i z e d  t h e  a l p h a  waves 
i n t o  low a m p l i t u d e  waves b e f o r e  t h e  o n s e t  o f  t h e  r e a c t i o n  t im e  
s t i m u l u s .  W i t h  t h e s e  r e s u l t s  i n  hand ,  L i n d s l e y  c o n c l u d e d :
[W]hen t h e  e l e c t r o c o r t i c a l  a c t i v i t y  i s  
d e s y n c h r o n i z e d ,  i t  i s  b e l i e v e d  t h a t  s m a l l e r ,  
d i f f e r e n t i a l  a g g r e g a t e s  o f  c o r t i c a l  c e l l s  
b e a t  t o g e t h e r  w i t h  a common r h y t h m .  Howeve r ,  
t h e  phase r e l a t i o n s  f o r  each o f  t he se  
a g g r e g a t e s  may be d i f f e r e n t .  T h e r e f o r e  t he  
p o i n t s  i n  t i m e  when any g i v e n  a g g r e g a t e  wo u l d  
be a v a i l a b l e  t o  ' r ep on d  wo u l d  a l s o  be 
d i f f e r e n t .  W i t h  numerous  a g g r e g a t e s  o r  
s u b a g g r e g a t e s  i n  d i f f e r e n t i a l  e x c i t a b i l i t y  
p h a s e s ,  t h e r e  w o u ld  be a l m o s t  c o n t i n u o u s  
a v a i l a b i l i t y  o f  one a g g r e g a t e  o r  a n o t h e r .  
C o n s e q u e n t l y ,  r e a c t i o n s  w o u ld  be f a s t e r  and 
b e h a v i o r  w o u ld  be g e n e r a l l y  more e f f i c i e n t .  
T h i s  i s  e x a c t l y  wh a t  has been f o u n d  i n  EEG 
c o n d i t i o n s  w h i c h  c o n t r a s t  d e s y n c h r o n i z a t i o n  
w i t h  a s y n c h r o n i z e d  s t a t e  o f  c o r t i c a l  
e x c i t a b i l i t y .  ( L i n d s l e y ,  1961,  p .  3*0)
L i n d s l e y ' s  model  c a r r i e d  t h e  c o r o l l a r y  t h a t  w e l l  
c o n t r o l l e d  e x p e r i m e n t s  w h i c h  compare i n f o r m a t i o n  p r o c e s s i n g  
a c r o s s  d i f f e r e n t  phases  o f  t h e  EEG a l p h a  c y c l e  s h o u l d  show 
t e m p o r a l  p e r f o r m a n c e  d i f f e r e n c e s  as a f u n c t i o n  o f  t h e  phase o f  
t h e  a l p h a  wa ves .  T h e re  has been a g r e a t  d e a l  o f  r e s e a r c h  i n  
t h e  l a s t  t w e n t y - f i v e  y e a r s  w h i c h  has a t t e m p t e d  t o  a ss e ss  t h i s  
p a r t  o f  L i n d s l e y ' s  m od e l .  T h i s  r e s e a r c h  has g e n e r a l l y  g i v e n
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v e r y  p o s i t i v e  r e s u l t s .
The b e g i n n i n g  o f  t h i s  w o rk  was c o n c e r n e d  w i t h  l o o k i n g  a t  
t h e  r e l a t i o n s h i p  be tween t h e  phase o f  t h e  EEG a l p h a  c y c l e  and 
v i s u a l  and a u d i t o r y  s i m p l e  r e a c t i o n  t i m e  p e r f o r m a n c e .  In
v i s u a l  s i m p l e  r e a c t i o n  t i m e  t a s k s  ( L a n s i n g ,  1957:  C a l l a w a y  and 
Y e a g e r ,  I 9 6 0 ;  C a l l a w a y ,  1965;  Dustman and Beck ,  1 9 65 ) ,  t h e
l a t e n c y  o f  r e s p o n s e  was f o u n d  t o  v a r y  d i r e c t l y  w i t h  t h e  phase
o f  t h e  sp o n t a n e o u s  EEG a l p h a  r h y t h m .  A l t h o u g h  t h e s e
e x p e r i m e n t s  a l l  ag reed  i n  t h e i r  s u p p o r t  o f  L i n d s l e y ' s  
h y p o t h e s i s ,  t he  s p e c i f i c s  o f  t h e i r  r e s u l t s  we re  v e r y  c o n f u s i n g .  
For  exa mp le ,  i t  was found  t h a t  each i n d i v i d u a l  had a s p e c i f i c  
a l p h a  c y c l e  phase w h ic h  c o r r e s p o n d e d  t o  max imal  r e a c t i o n  t i m e .  
Even more c o n f u s i n g  was t h e  f i n d i n g  t h a t  t h e r e  we r e  day  t o  day 
v a r i a b i 1 i t i e s  i n  t h e  s p e c i f i c  a l p h a  c y c l e  phase w h ic h  
c o r r e s p o n d e d  t o  maximal  r e a c t i o n  t i m e  w i t h i n  i n d i v i d u a l s  
( C a l l a w a y ,  1961) . Thu s ,  n o t  o n l y  c o u l d  t h e s e  e x p e r i m e n t s  n o t  
a l w a y s  ge t  i n t e r i n d i v i d u a 1 a g re e m e n t ,  t h e y  c o u l d  a l s o  n o t  even 
g e t  w i t h i n  i n d i v i d u a l  ag ree men t  f r om  day  t o  da y .  A l s o ,  even 
t h o u g h  t h e  g r o u p  d a t a  on t h e  v i s u a l  s i m p l e  r e a c t i o n  t i m e  t a s k s  
d i d  v a r y  s i g n i f i c a n t l y  as a f u n c t i o n  o f  t h e  a l p h a  c y c l e ,  t h e  
m a g n i t u d e  o f  t h e  d i f f e r e n c e  f ro m  t h e  f a s t e s t  t o  t h e  s l o w e s t  
p o i n t s  a t  o p p o s i t e  phases o f  t h e  a l p h a  c y c l e  was o n l y  a b o u t  6 
msec .  T h i s  i s  an o r d e r  o f  m a g n i t u d e  s m a l l e r  t h a n  t h e  t e m p o ra l  
d i f f e r e n c e  be tw ee n  t h e  o p p o s i t e  phases o f  t h e  a l p h a  c y c l e  (50
m s e c . ) . One f i n a l  p o i n t  o f  c o n f u s i o n  was t h a t  t h e  a u d i t o r y
s i m p l e  r e a c t i o n  t i m e s  d i d  n o t  v a r y  s i g n i f i c a n t l y  a c r o s s  t h e
a l p h a  c y c l e  (Cooper  and M u n d y - C a s t l e  ( I 9 6 0 ) ;  C a l l a w a y  ( 1 9 6 2 ) ) .
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What  was o b v i o u s  f r o m  t h e s e  f i n d i n g s  was t h a t  t h e  s i m p l e  
r e a c t i o n  t i m e  measu re  was n o t  a good measure o f  t h e  f i n e  
d e t a i l s  o f  c o r t i c a l  p r o c e s s i n g  i n  r e l a t i o n s h i p  t o  t h e  a l p h a  
c y c l e .  One p o s s i b l e  r e a s o n  f o r  t h i s  was p r o v i d e d  by  C a l l a w a y  
( 1962) .  He s u g g e s te d  t h a t  t h e r e  m i g h t  n o t  be a g r e a t  de a l  o f  
c o r t i c a l  i n v o l v e m e n t  i n  t h e  e x e c u t i o n  o f  t h e  s i m p l e  r e a c t i o n  
t i m e  t a s k  (p re s um e ab ly  be cau se  o f  t h e  r e f l e x i v e  n a t u r e  o f  t h e  
t a s k  -  t h e  s u b j e c t  i s  t o  p r e s s  a b u t t o n  as soon as t h e  p re s e n c e  
o f  a s t i m u l u s  i s  p e r c e i v e d ) . A l s o ,  b u i l t  i n t o  t h e  r e a c t i o n  
t im e  measu re  i s  a b e h a v i o r a  1/ m o t o r  r e s p o n s e  w h i c h  m i g h t  be 
i n f l u e n c e d  by a w h o le  h o s t  o f  f a c t o r s  n o t  a t  a l l  r e l a t e d  t o  
c o r t i c a l  p r o c e s s i n g .  These b e h a v i o r a  1/ m o t o r  v a r i a b l e s  w i l l  
i n t r o d u c e  a l o t  o f  v a r i a b i l i t y  i n t o  t h e  f i n a l  r e s u l t .  Because 
o f  t h i s ,  i t  was rea so n ed  t h a t  i f  w e l l  c o n t r o l l e d  e x p e r i m e n t s  
c o u l d  be c o n d u c te d  w h i c h  o n l y  a ss e ss  t h e  p e r c e p t u a l / c o r t i c a l  
s i d e  o f  t h i n g s ,  t h e n  an i n v a r i a n t  r e l a t i o n s h i p  s h o u l d  be f ou nd  
be tw een  a l p h a  phase and p e r c e p t i o n  a c r o s s  i nd i v i d u a  1s . I f  such 
r e l a t i o n s h i p s  c o u l d  be f o u n d ,  t h e n  t h e  L i n d s l e y  h y p o t h e s i s  i n  
i t s  o r i g i n a l  f o r m  w o u ld  be s u p p o r t e d .
The n e x t  s t a g e  o f  t h i s  r e s e a r c h  began i n  t h e  l a t e  1 9 6 0 ' s  
when i n v a r i a n c e  a c r o s s  i n d i v i d u a l s  began t o  be a c h i e v e d .  The 
f i r s t  s t u d i e s  t o  a c h i e v e  such i n v a r i a n c e  were  v i s u a l  evoked  
p o t e n t i a l  s t u d i e s  ( C a l l a w a y  and Layne ,  196^1 L e s e v r e  and 
Remond, 1967) -  They  f o u n d  t h a t  t h e  a l p h a  c y c l e  phase a t  w h i c h  
s t i m u l i  a r e  p r e s e n t e d  w o u ld  a f f e c t  b o t h  t h e  l a t e n c i e s  and th e  
a m p l i t u d e s  o f  t he  l a t e r  componen ts  o f  t h e  r e s u l t i n g  av e ra g e d  
evoked  p o t e n t i a l s .  These a l p h a  phase e f f e c t s  w e re  i n v a r i a n t
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a c r o s s  i n d i v i d u a l s .  I n a n o t h e r  s t u d y  w h i c h  fo u nd  phase 
i n v a r i a n c e  a c r o s s  i n d i v i d u a l s .  Mi 1s t e i n  ■ (197*0 f o u n d  t h a t  t h e  
d u r a t i o n  o f  a l p h a  b l o c k i n g  was s h o r t e s t  when n o ve l  s t i m u l i  
( v i s u a l  f l a s h e s  o r  a u d i t o r y  c l i c k s )  we r e  p r e s e n t e d  a t  t h e  
n e g a t i v e l y  g o i n g  o r  mos t  n e g a t i v e  phases  o f  t h e  
p a r i e t o - o c c i p i t a l  a l p h a  r h y t h m .
Thes e  p u r e l y  e l e c t r o c o r t i c a l  measu res  o f  p e r c e p t u a l  i n t a k e  
had shown a s t r o n g  a l p h a  phase e f f e c t  w h i c h  was i n v a r i a n t  
a c r o s s  i n d i v i d u a l s .  Y e t ,  t h i s  was s t i l l  n o t  good e v i d e n c e  t h a t  
such an e f f e c t  was o p e r a t i n g  i n  t h e  do ma in  o f  s u b j e c t i v e  
p e r c e p t i o n .  The m a j o r  i s s u e  t h a t  had t o  be r e s o l v e d  c o n c e r n e d  
w h e t h e r  t h i s  a l p h a  e f f e c t  c o u l d  be shown i n  s u b j e c t i v e  
p e r c e p t  i o n .
Nunn and O s s e l t o n  (197**) d i r e c t l y  a t t e m p t e d  t o  f i n d  o u t  
w h e t h e r  an a l p h a  phase e f f e c t  c o u l d  be o b s e r v e d  i n v a r i a n t l y  
a c r o s s  i n d i v i d u a l s  i n  measures  o f  s u b j e c t i v e  p e r c e p t i o n .  They  
showed t h a t  a c r o s s  i n d i v i d u a l s  a p a r t i c u l a r  phase o f  t h e  EEG 
a l p h a  wave was r e l a t e d  t o  p e r c e p t u a l  enhancemen t  o f  t h e  w o rd  
' d a n g e r '  f l a s h e d  f o r  a v e r y  s h o r t  t i m e  on a t a c h i s t o s c o p e .  
T h e i r  s t u d y  was t h e  f i r s t  t o  show an i n v a r i a n t  r e l a t i o n s h i p  
a c r o s s  i n d i v i d u a l s  be tween a p a r t i c u l a r  EEG a l p h a  phase and t h e  
q u a l i t y  o f  s u b j e c t i v e  p e r c e p t i o n .  They  c o n c l u d e d :
. . i t  seems l i k e l y  t h a t  t h e  a l p h a  r h y t h m  i s  
i ndeed a c o r r e l a t e  o f  t h e  a c t i v i t y  o f  a
' n e u r o n i c  s h u t t e r ' ,  w h i c h  p e r i o d i c a l l y
p r e v e n t s  t h e  r e c e p t i o n  o r  p r o c e s s i n g  o f
v i s u a l  i n f o r m a t i o n  by t h e  c o r t e x .  F u r t h e r  
i n v e s t i g a t i o n  wo u l d  be needed t o  a s c e r t a i n  
w h e t h e r  t h e  a l p h a  r h y t h m  i s  a d i r e c t  
e x p r e s s i o n  o f  t h e  a c t i v i t y  o f  t h e  s h u t t e r ,  o r
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w h e t h e r  some o t h e r  b i o l o g i c a l  r h y t h m  such as 
t h e  c a r d i a c  a r o u s a l  c y c l e . . .  m e d i a t e s  t h e  
r e l a t i o n s h i p .  ( pp .  301-302 )
An i n t e r e s t i n g  q u e s t i o n ,  as  Nunn and O s s e l t o n  (.197^) 
p o i n t e d  o u t  i n  t h e  above  q u o t e ,  w o u ld  c o n c e r n  how t h i s  a l p h a  
' n e u r o n i c  s h u t t e r 1 i n t e r a c t s  w i t h  t h e  c a r d i a c  c y c l e .  As was 
m e n t i o n e d  a t  t he  end o f  t h e  s e c t i o n  on t h e  c a r d i a c  c y c l e  
e f f e c t ,  W a l k e r  (1982) and Sandman e t  a l . (1982) have found
t h a t  s p o n t a n e o u s  EEG a c t i v i t y  i n  t h e  a l p h a  f r e q u e n c y  ran ge  i s  
phase l o c k e d  t o  t he  c a r d i a c  c y c l e .  T h i s  wo u l d  seem t o  s u g g e s t  
t h a t  t h e  c a r d i a c  c y c l e  c o u l d  s e r v e  as a b a s i c  c l o c k  rh y t h m  w i t h  
r e s p e c t  t o  w h i c h  t h e  a l p h a  ' n e u r o n i c  s h u t t e r 1 i s  c o o r d i n a t e d .  
I f  t h i s  w e r e  t r u e ,  t h e r e  s h o u l d  be f l u c t u a t i o n s  i n  p e r c e p t u a l  
i n t a k e  p e r f o r m a n c e  a t  t h e  s po n t a n e o u s  EEG a l p h a  f r e q u e n c i e s  
and,  f u r t h e r m o r e ,  t h e s e  p e r f o r m a n c e  f l u c t u a t i o n s  s h o u l d  be 
phase, l o c k e d  i n  t i m e  t o  t h e  c a r d i a c  c y c l e .  As has been 
m e n t i o n e d ,  t h a t  p a t t e r n  o f  r e s u l t s  i s  e x a c t l y  w h a t  V e l d e n  and 
J u r i s  (1975)  f ou nd  i n  t h e i r  a u d i t o r y  s i g n a l  d e t e c t i o n  
e x p e r  i m e n t .
One o f  t h e  more i m p r e s s i v e  r e c e n t  f i n d i n g s  has been 
r e p o r t e d  by  t h e  l a b o r a t o r y  o f  E. Roy John ( V a r e l a ,  T o r o ,  John ,  
and S c h w a r t 2 , 1981 ) .  They  had s u b j e c t s  j u d g e  w h e t h e r  t he y  
p e r c e i v e d  tw o  s i m u l t a n e o u s  l i g h t s  o r  two s e q u e n t i a l  l i g h t s  i n  a 
s e q u e n t i a l  two  l i g h t  d i s p l a y  i n  w h i c h  t h e  t i m e  be tw ee n  t h e  
l i g h t s  was o f  t h e  d u r a t i o n  o f  a h a l f  o f  an a l p h a  c y c l e  (50 
m s e c . ) .  They  fou nd  t h a t  t h e  p r o b a b i l i t y  o f  p e r c e i v i n g  
s e q u e n t i a l i t y  was d i r e c t l y  a f u n c t i o n  o f  t h e  phase o f  EEG a l p h a
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a t  t h e  o n s e t  o f  s t i m u l a t i o n .  I f  t h e  o n s e t  o f  t h e  two l i g h t  
d i s p l a y  was a t  t h e  p o s i t i v e  peak ph ase  o f  l e f t  o c c i p i t a l  a l p h a ,  
t h e i r  s u b j e c t s  r e p o r t e d  s e e i n g  t h e  l i g h t s  as b e i n g  s e q u e n t i a l  
s i g n i f i c a n t l y  more o f t e n  t h a n  when t h e  s t i m u l u s  o n s e t  o c c u r r e d  
a t  t h e  mos t  n e g a t i v e  phase  o f  t h e  l e f t  o c c i p i t a l  EEG e l e c t r o d e  
p l a c e m e n t .  These r e s u l t s  were i n v a r i a n t  ( w i t h  r e s p e c t  t o  
phase)  a c r o s s  i n d i v i d u a l s  and th e y  w e r e  c e r t a i n l y  s u p p o r t i v e  o f  
t h e  i d ea  t h a t  t h e  a l p h a  c y c l e  has a c o n t r o l l i n g  i n f l u e n c e  on 
t h e  t e m p o r a l  p r o p e r t i e s  o f  s u b j e c t i v e  p e r c e p t i o n .  They o f f e r e d  
a mechan ism t o  e x p l a i n  t h e i r  r e s u l t s :
[ T j h e  c o n n e c t i o n s  o f  c o r t i c a l  a f f e r e n t  (and 
e f f e r e n t )  s i g n a l s  m i g h t  be s y n c h r o n i z e d  v i a  
t h e  t em po ra l  c o u r s e  r e f l e c t e d  i n  t h e  l o c a l  
a l p h a  r h y t h m s ,  p r o v i d i n g  an i n t e g r a t i v e  
mechan i sm o v e r  e x t e n d e d  r e g i o n s  o f  t he  b r a i n .  
Fo r  two v i s u a l  s t i m u l i  t o  be p e r c e i v e d  as 
s e p a r a t e  i n  t i m e  i t  seems t h a t  t h e y  mus t  
o c c u r  a c r o s s  t h e  temp or a l  b o u n d a ry  p r o v i d e d  
by  t h i s  c o r t i c a l  [ a l p h a ]  a c t i v i t y .  
C o n v e r s e l y ,  when two s t i m u l i  a r r i v e  w i t h i n  
such  [an  a l p h a ]  c y c l e ,  i t  seems t h a t  t h e y  a r e  
d i s t r i b u t e d  s i m u l t a n e o u s l y  and t hu s  a r e  n o t  
t e m p o r a l l y  d i s t i n g u i s h e d .  (p p .  68L - 685)
A l t h o u g h  t h e  r e s u l t s  r e p o r t e d  by V a r e l a  e t  a l .  ( I 9 8 I )  do 
n o t  c o n t r a d i c t  L i n d s  l e y ' s  c o n c e p t  o f  an a l p h a  " n e u r o n i c  
s h u t t e r " ,  t h e  mechanism w h i c h  the y  p r o p o s e  t o  a c c o u n t  f o r  t h e i r  
r e s u l t s  s u g g e s t s  a s l i g h t l y  d i f f e r e n t  r o l e  f o r  t h e  c o r t i c a l  
a l p h a  r h y t h m .  T h e i r  s u g g e s t i o n  i s  t h a t  an a l p h a  c y c l e  r e f l e c t s  
t h e  " p r o c e s s i n g  p e r i o d "  o f  t h e  c o r t e x .  E f r o n  (1967) 
c o n c e p t u a l i z e d  t he  " p r o c e s s i n g  p e r i o d "  as t he  t e m p o r a l  i n t e r v a l  
d u r i n g  w h i c h  a f f e r e n t  i n f o r m a t i o n  i s  i n t e g r a t e d .  
P h e n o m e n o l o g i c a l l y ,  a l l  a f f e r e n t  e v e n t s  w h i c h  a r e  i n t e g r a t e d
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d u r i n g  a p a r t i c u l a r  p r o c e s s i n g  p e r i o d  a r e  p e r c e i v e d  as b e in g  
s i m u l t a n e o u s  i n  o c c u r r e n c e .  E f r o n  (1967) d i s c u s s e s  a number o f  
p s y c h o p h y s i c a l  d e m o n s t r a t i o n s  w h i c h  s u p p o r t  t h e  e x i s t e n c e  o f  a 
p r o c e s s i n g  p e r i o d  o f  t h i s  n a t u r e .  Some o f  t h e s e  p e r i o d s  a r e  
w i t h i n  t h e  r a n g e  t o  be e x p e c t e d  i f  t h e y  a r e  r e f l e c t e d  by t h e  
a l p h a  c y c l e .  One o f  t he se  d e m o n s t r a t i o n s  w h i c h  E f r o n  d i s c u s s e s  
i s  a two  l i g h t  d i s p l a y  somewhat  s i m i l a r  t o  t h a t  used by V a r e l a  
e t  a l . (1981) i n  t h e i r  above  m e n t i o n e d  e x p e r i m e n t .  A n o t h e r  i s
a tw o  tone  a u d i t o r y  d i s p l a y  where a 20 msec.  t o n e  o f  one 
f r e q u e n c y  i s  f o l l o w e d  by a 20 msec.  t o n e  o f  a d i f f e r e n t  
f r e q u e n c y .  A l t h o u g h  the  p r e c i s e  d e t a i l s  o f  t h i s  e f f e c t  a re  
ha rd  t o  a s c e r t a i n  f r om  E f r o n ' s  pa p e r ,  t h e  s u g g e s t i o n  i s  t h a t
t h e s e  two s e q u e n t i a l  t one s  a r e  heard  t o  be o v e r l a p p i n g  i n  t im e  
such t h a t  t he y  a p p e a r  t o  be s i m u l t a n e o u s  i n  o n s e t .  G i v e n  t h a t  
t h e  a p p a r e n t  s i m u l t a n e i t y  e f f e c t  w i t h  two  v i s u a l  l i g h t s  has 
been shown t o  be i n f l u e n c e d  by  t h e  phase o f  t h e  a l p h a  c y c l e  
when t h e  l i g h t s  a r e  spaced  a h a l f  o f  an a l p h a  c y c l e  a p a r t  i n  
o n s e t  ( a p p r o x i m a t e l y  50 m s e c . ) ,  i t  w o u ld  seem r e a s o n a b l e  t o  
e x p e c t  t h a t  t h e  a l ph a  c y c l e  m i g h t  have somewhat  o f  a s i m i l a r
e f f e c t  on t h i s  a u d i t o r y  a p p a r e n t  s i m u l t a n e i t y  e f f e c t ,
e s p e c i a l l y  i f  t h e  d i f f e r e n c e  i n  t he  o n s e t  o f  t h e  two t o n e s  was
c l o s e  t o  b e in g  h a l f  o f  t he  d u r a t i o n  o f  an a l p h a  c y c l e .  I f  t h i s  
we re  v e r i f i e d ,  t h e  a l p h a  c y c l e  c o u l d  be c o n c e p t u a 1 i z e d  as 
r e f l e c t i n g  t h e  p r o c e s s i n g  p e r i o d  f o r  b o t h  t h e  v i s u a l  and 
aud i t o r y  moda 1 i t  i e s .
I n  c o n c l u s i o n ,  t h e r e  a r e  now enough d a t a  t o  s u g g e s t  t h a t  
t h e  a l p h a  r hy th m  i s  r e l a t e d  t o  v i s u a l  p r o c e s s i n g  i n  two 
i n d e p e n d e n t  ways .  F i r s t  o f  a l l ,  t h e  phase o f  t h e  a l p h a  r hy th m  
has a n o t a b l e  e f f e c t  on t h e  q u a l i t y  o f  v i s u a l  p r o c e s s i n g ,  as 
i n d i c a t e d  by t h e  Nunn and O s s e l t o n  (1971*) s t u d y  w h i c h  su g g e s te d  
t h a t  t h e  wo rd  ' d a n g e r '  was p e r c e i v e d  p r e f e r e n t i a l l y  a t  a 
p a r t i c u l a r  a l p h a  c y c l e  phas e .  S e c o n d l y ,  t h e  a l p h a  c y c l e  
a p pe a r s  t o  be c o r r e l a t e d  w i t h  t h e  t e m p o r a l  p a t t e r n i n g  o f  v i s u a l  
e v e n t s ,  as s u g ge s t e d  by t h e  V a r e l a  e t  a l .  (1981) f i n d i n g  t h a t  
two s e q u e n t i a l  l i g h t s  p r e s e n t e d  w i t h i n  one a l p h a  c y c l e  w o u ld  be 
p e r c e i v e d  as s i m u l t a n e o u s  i n  o c c u r r e n c e .  A l t h o u g h  t h i s  
" q u a l i t y "  e f f e c t  was h y p o t h e s i z e d  as p a r t  o f  L i n d s l e y ' s  " a l p h a  
n e u r o n i c  s h u t t e r "  t h e o r y  and t h e  " t e m p o r a l  p a t t e r n i n g "  e f f e c t  
comes o u t  o f  E f r o n ' s  i dea  o f  a " p r o c e s s i n g  p e r i o d " ,  t h e s e  two 
e f f e c t s  a r e  n o t  m u t u a l l y  e x c l u s i v e .  They can b o t h  be a cc o u n te d  
f o r  w i t h  t h e  i d ea  t h a t  t h e  a l p h a  c y c l e  r e f l e c t s  an i n p u t  
s h u t t e r  w h i c h  s e r v e s  t o  b r e a k  up t h e  f l o w  o f  v i s u a l  i n f o r m a t i o n  
i n t o  d i s c r e t e  p r o c e s s i n g  p e r i o d s  o f  100 msec.  d u r a t i o n .  On 
t h e  o t h e r  hand ,  such a c o n j e c t u r e  can n o t  be made i n  t h e  case 
o f  a u d i t o r y  p r o c e s s i n g .  A t  p r e s e n t ,  t h e r e  a r e  no d i r e c t  d a t a  
t o  i n d i c a t e  how, o r  even i f ,  t h e  a l p h a  c y c l e  r e f l e c t s  t h e  
q u a l i t y  and t e m p o r a l  p a t t e r n i n g  o f  a u d i t o r y  p e r c e p t i o n .
Page 20
I I I .  EXPERIMENTAL HYPOTHESES
A v e r y  i m p o r t a n t  e x p e r i m e n t a l  q u e s t i o n  c o n c e r n s  w h e t h e r  o r  
no t  t h e  a l p h a  c y c l e  has a s i m i l a r  r e l a t i o n s h i p  w i t h  t he  
a u d i t o r y  m o d a l i t y .  T h e r e  i s  r e a s o n  t o  b e l i e v e  t h a t  such 
e f f e c t s  do e x i s t  i n  a u d i t i o n ,  as V e l d e n  and J u r i s  (1975) 
r e p o r t e d  t h a t  t h e  " q u a l i t y "  o f  a u d i t o r y  p e r c e p t i o n  v a r i e d  a t  an 
8 Hz.  r h y t h m  l o c k e d  i n  phase  t o  c a r o t i d  s y s t o l e  and E f r o n  
(1967) r e p o r t e d  t h a t  t he  " t e m p o r a l  p a t t e r n i n g "  o f  a u d i t o r y  
t one s  v a r i e d  i n  a manner  w i t h i n  t h e  range t o  be ex p e c t e d  i f  t he  
a l p h a  c y c l e  has an i n f l u e n c e  on a u d i t o r y  t e m p o r a l  
d i s c r i m i n a t i o n .  However ,  n e i t h e r  o f  t h e s e  s t u d i e s  d i r e c t l y  
measured t h e  a l p h a  c y c l e  and r e l a t e d  i t  t o  t he  a u d i t o r y  
p e r c e p t u a l  e f f e c t .  T h i s  d i s s e r t a t i o n  was d e s i g n e d  t o  r e p l i c a t e  
t h e  V e l d e n  and J u r i s  (1975) and E f r o n  ( 1967) e f f e c t s  w i t h  t he  
a im t o  show how t h e s e  e f f e c t s  r e l a t e  t o  t h e  a l p h a  c y c l e  and th e  
c a r d i a c  c y c l e  phase a t  w h i c h  s t i m u l i  a r e  p r e s e n t e d .  A l s o ,  
s i n c e  no s t u d i e s  t o  d a t e  have l ooked  a t  b o t h  t he  a l p h a  c y c l e  
and t h e  c a r d i a c  c y c l e  as m e a s u r e a b l e  v a r i a b l e s ,  t he  e x p e r i m e n t s  
w h i c h  w e r e  p ro p o s e d  f o r  t h i s  d i s s e r t a t i o n  we re  d e s i g n e d  t o  
p r o v i d e  an swers  t o  how t h e  a l p h a  c y c l e  and t h e  c a r d i a c  c y c l e  
a r e  i n t e r r e l a t e d .
S i gn a l  D e t e c t  i on Exper im e n t
The a t t e m p t  t o  r e p l i c a t e  t h e  Ve lden  and J u r i s  e f f e c t  t o o k  
t h e  f o r m  o f  an a u d i t o r y  s i g n a l  d e t e c t i o n  e x p e r i m e n t .  I n  t h i s  
e x p e r i m e n t ,  b o t h  t h e  c a r d i a c  c y c l e  phase and t h e  a l p h a  c y c l e  
phase a t  w h i c h  s t i m u l i  a r e  p r e s e n t e d  were v a r i a b l e s  m a n i p u l a t e d  
by s e l e c t i o n  p r o c e d u r e s ,  w h i l e  b o t h  a u d i t o r y  s i g n a l  d e t e c t i o n
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and c h o i c e  r e a c t i o n  t i m e s  w e r e  t h e  d e p e n d e n t  v a r i a b l e s .
1 ) I t  was h y p o t h e s i z e d  t h a t  t h e  a l p h a  c y c l e  wo u l d  have a 
s i g n i f i c a n t  e f f e c t  on a u d i t o r y  s i g n a l  d e t e c t i o n  p e r f o r m a n c e .
2 ) I t  was h y p o t h e s i z e d  t h a t  a u d i t o r y  s i g n a l  d e t e c t i o n  
p e r f o r m a n c e  a t  c a r o t i d  d i a s t o l e  w o u ld  be s i g n i f i c a n t l y  b e t t e r  
t h a n  a t  c a r o t i d  s y s t o l e .
3 ) I t  was h y p o t h e s i z e d  t h a t  bo th  t h e  c a r d i a c  c y c l e  and t h e  
a l p h a  c y c l e  w o u ld  have a s i g n i f i c a n t  e f f e c t  on c h o i c e  r e a c t i o n  
t  i me .
Tem po ra1 D i s c r  i m i n a t  i on Expe r  i ment
Based on a p i l o t  s t u d y ,  a n o t h e r  e x p e r i m e n t  was d e s i g n e d  t o  
d e t e r m i n e  i f  t h e  phase o f  t h e  a l p h a  and t h e  c a r d i a c  c y c l e  a t  
w h i c h  s t i m u l i  w e r e  p r e s e n t e d  had an i n f l u e n c e  on w h e t h e r  two 
b r i e f  t o n e s  p r e s e n t e d  s e q u e n t i a l l y  we r e  j u d g e d  as c o n n e c t e d  o r  
s e p a r a t e d .
1 ) l t  was h y p o t h e s i z e d  t h a t  t h e  phase o f  t h e  a l p h a  c y c l e  a t  
w h i c h  s t i m u l i  we r e  p r e s e n t e d  wo u l d  be shown t o  have an e f f e c t  
on t h e  t e m p o r a l  p a t t e r n i n g  o f  t h i s  s t i m u l u s .
2 ) I t  was h y p o t h e s i z e d  t h a t  b o t h  t h e  a l p h a  c y c l e  and th e  
c a r d i a c  c y c l e  phase a t  w h i c h  s t i m u l i  w e r e  p r e s e n t e d  w o u l d  have 
an i n f l u e n c e  on  a v e r a g e  c h o i c e  r e a c t i o n  t i m e s  a c r o s s  s u b j e c t s .
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IV .  METHOD 
M e t h o d o lo g y  Common t o  b o t h  Expe r  ime n ts
Des i gn
Bo th  e x p e r i m e n t s  t o o k  t h e  f o r m  o f  a A ( a l p h a  c y c l e  phase 
a t  w h i c h  s t i m u l i  a r e  p r e s e n t e d )  X 2 ( c a r d i a c  c y c l e  phase a t  
w h i c h  s t i m u l i  a r e  p r e s e n t e d )  r e p e a t e d  measu res  f a c t o r i a l  
d e s i g n .  S t i m u l i  p r e s e n t e d  d u r i n g  d i f f e r e n t  c a r d i a c  and a l p h a  
c y c l e  phase w e r e  m a n i p u l a t e d  by s e l e c t i o n  and t r e a t e d  as 
i n d e p e n d e n t  v a r i a b l e s .  Howeve r ,  because  t h e  phases o f  t he  
a l p h a  and c a r d i a c  c y c l e s  we r e  n o t  d i r e c t l y  m a n i p u l a t e d ,  o n l y  
c o r r e l a t i o n a l  r e l a t i o n s h i p s  r a t h e r  than- c a u s a l  r e l a t i o n s h i p s  
c o u l d  be i n f e r r e d .  The f o u r  l e v e l s  o f  t h e  a l p h a  c y c l e  f a c t o r  
w e re  f o u r  d i f f e r e n t  phases  ( n e g a t i v e  peak ,  p o s i t i v e  z e r o  c r o s s ,  
p o s i t i v e  p e a k ,  and n e g a t i v e  z e r o  c r o s s )  a t  w h i c h  s t i m u l i  we re  
p r e s e n t e d  t o  t h e  s u b j e c t .  The two  l e v e l s  o f  t h e  c a r d i a c  c y c l e  
f a c t o r  w e r e  tw o  d i f f e r e n t  phases  o f  t h e  c a r d i a c  c y c l e  ( c a r o t i d  
d i a s t o l e  and c a r o t i d  s y s t o l e )  a t  w h i c h  s t i m u l i  we re  p r e s e n t e d  
t o  t h e  s u b j e c t .  F i g u r e  3 d e p i c t s  t h e s e  a l p h a  c y c l e  and c a r d i a c  
c y c l e  p h a s e s .  The de pe n d e n t  me a su re s  i n  t h e  s i g n a l  d e t e c t i o n  
e x p e r i m e n t  w e r e  1 ) t h e  D i n de x  o f  d e t e c t i b i 1 i t y  ( N e v in ,  J e n k i n s ,  
W h i t t a k e r ,  and Y a r e n s k y ,  1 9 8 2 ) ,  where  D * S q r t ( ( h i t s  x c o r r e c t  
r e j e c t i o n s ) /  ( m i ss e s  x f a l s e  a l a r m s ) ) ,  and 2 ) a measure o f  c h o i c e  
r e a c t i o n  t i m e .  The d e p e n d e n t  measu res  i n  t h e  t e m p o r a l  
d i s c r i m i n a t i o n  e x p e r i m e n t  w e r e  1 ) t h e  p r o b a b i l i t y  t h a t  t h e  
s u b j e c t  w o u l d  j u d g e  t h e  two  t o n e s  i n  t h e  s t i m u l u s  as b e in g  
" s e p a r a t e d " ,  and 2 ) a measu re  o f  c h o i c e  r e a c t i o n  t i m e .
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Sub i e c t s
T h r e e  r i g h t  handed s u b j e c t s  be tween t h e  ages o f  20 and 30 
were  s e l e c t e d .  One was t h e  e x p e r i m e n t e r  and t h e  o t h e r  two were 
g r a d u a t e  s t u d e n t s  a t  t h e  U n i v e r s i t y  o f  New H a m p s h i r e .  These 
t h r e e  s u b j e c t s  w e r e  - s c r e e n e d  t o  e n s u r e  t h a t  t h e y  a l l  had a 
r e s t i n g  a l p h a  r h y t h m ,  no h i s t o r y  o f  c a r d i o v a s c u l a r  d i s o r d e r ,  
and no h i s t o r y  o f  a u d i t o r y  d e f i c i t s .
A p p a r a tu s
A l l  o f  t he  p h y s i o l o g i c a l  s i g n a l s  w e re  r e c o r d e d  on a Grass 
Model  7B p o l y g r a p h .  The d a t a  we r e  d i g i t i z e d  on l i n e  and s t o r e d  
i n  a N o r t h s t a r  H o r i z o n  c o m p u t e r .  They w e r e  p r o c e s s e d  o f f l i n e .
P r o c e d u r e
The  s u b j e c t s  we re  r e s t i n g  on a f u l l  l e n g t h  bed l o c a t e d  i n  
a s h i e l d e d  room.  The c a r o t i d  p u l s e  was measured u s i n g  a Grass 
model  PTTLS s u r f a c e  p h o t o p 1e t h y s m o g r a p h . T h i s  s e n s o r  was tap ed  
a t  t h e  p o i n t  o f  maximal  p u l s e  on t h e  s k i n  o v e r l y i n g  t h e  l e f t  
e x t e r n a l  c a r o t i d  a r t e r y .  T h i s  s i g n a l  was a m p l i f i e d  w i t h  a 
Grass  Model  7B a m p l i f i e r  and f i l t e r  s y s te m .  The s i g n a l  was 
f i r s t  a m p l i f i e d  w i t h  a G r a s s  model 7P1 p r e - a m p l i f i e r  and 
f i l t e r e d  so t h a t  t h e  t h e  l a r g e s t  p e r c e n t a g e  (90%) o f  t h e  s i g n a l  
pa s se d  t h r o u g h  a t  a p p r o x i m a t e l y  . 9  Hz.  w i t h  t h e  h a l f  power 
b a n d p a s s  range be twee n  . U~3  Hz .  The s i g n a l  was t h e n  f e d  i n t o  a 
Grass  model  7P3 p r e - a m p l i f i e r  and f i l t e r e d  a g a i n .  The 
f r e q u e n c y  bandpass  h a l f  power  ran ge  was 1~3 Hz.  and t h i s  
f i l t e r  a l l o w e d  t h e  l a r g e s t  p e r c e n t a g e  o f  t h e  s i g n a l  (75^>) t o
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pass t h r o u g h  a t  a p p r o x i m a t e l y  l . k  Hz.  T h i s  f i l t e r i n g  sys tem  
r e s u l t e d  i n  an a l m o s t  s i n u s o i d a l  s i g n a l  i n  w h i c h  t h e r e  was 
n e g l i g i b l e  phase s h i f t  ( o f  t h e  peaks  and t r o u g h s )  o f  t h e  
o r i g i n a l  s i g n a l ,  as compared t o  t h e  t i m e  d i f f e r e n c e  be tween  t h e  
peaks and t r o u g h s .  T h i s  f i l t e r i n g  sys t em was used be cause  i t  
i s  s u c c e s s f u l  a t  r e j e c t i n g  mos t  o f  t h e  l o w e r  f r e q u e n c y  
r e s p i r a t o r y  a r t i f a c t  i n  t h e  c a r o t i d  p u l s e  p r e s s u r e  wave s i g n a l .  
EEG a c t i v i t y  was r e c o r d e d  f r o m  t h e  s t a n d a r d  e l e c t r o d e  p o s i t i o n  
p l a c e m e n t s  T5 o f  t h e  10 -20  sys tem and t h e  r e f e r e n c e  was l i n k e d  
m a s t o i d s .  The EEG was a m p l i f i e d  and f i l t e r e d  w i t h  a Grass 
model  7P3 a m p l i f i e r  w h e r e  90% o f  t h e  s i g n a l l s e n e r g y  was passed 
a t  a p p r o x i m a t e l y  6 . 5  Hz.  and t he  h a l f  power  ran ge  was 3 " 15  Hz.  
T h i s  r e j e c t e d  b o t h  t h e  e x t r e m e  l o w e r  and h i g h e r  EEG a c t i v i t y  
and d i d  n o t  a t t e n u a t e  t h e  a l p h a  r h y t h m  a p p r e c i a b l y .  The 
s t i m u l i  f o r  b o t h  e x p e r i m e n t s  w e r e  s y n t h e s i z e d  w i t h  t h e  
N o r t h s t a r  comp u te r  and p r e s e n t e d  i n  r e a l  t i m e  t h r o u g h  a d i g i t a l  
t o  a n a l o g  c o n v e r t e r .  For  b o t h  e x p e r i m e n t s ,  t h e  s u b j e c t  was 
t o l d  t o  r e l a x  w i t h  eyes c l o s e d  and l i s t e n  t o  t h e  s t i m u l i  t o  be 
s e n t  b i n a u r a l l y  t h r o u g h  e a r p h o n e s .
For  each e x p e r i m e n t ,  a f t e r  an i n i t i a l  t r a i n i n g  and 
s c r e e n i n g  s e s s i o n ,  each s u b j e c t  w e n t  t h r o u g h  1* s e p a r a t e  
s e s s i o n s ,  each l a s t i n g  a b i t  o v e r  two h o u r s .  For  each 
e x p e r i m e n t ,  t h e  s t i m u l i  we r e  p r e s e n t e d  d u r i n g  each c a r d i a c  
c y c l e / a l p h a  c y c l e  c o n d i t i o n  o f  t h e  f a c t o r i a l  d e s i g n  f o r  120 
t r i a l s  o v e r  t h e  c o u r s e  o f  t h e s e  f o u r  s e s s i o n s .  An e x p e r i m e n t a l  
s e s s i o n  c o n s i s t e d  o f  t h e  p r e s e n t a t i o n  o f  21*0 s t i m u l i  a c r o s s  a l l  
e i g h t  (30 s t i m u l i  each)  o f  t h e  c a r d i a c  c y c l e / a l p h a  c y c l e
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c o n d i t i o n s .  T h i s  was done  i n  f o u r  b l o c k s  w i t h  60 s t i m u l i  b e i n g  
c o l l e c t e d  w i t h i n  each b l o c k .  Because  o f  l i m i t e d  memory,  w i t h i n  
a b l o c k ,  s t i m u l i  c o u l d  n o t  be p r e s e n t e d  ra n d o m ly  a c r o s s  a l l  
e i g h t  o f  t h e  c a r d i a c  c y c l e / a l p h a  c y c l e  c o n d i t i o n s .  I n s t e a d ,  
each b l o c k  c o n s i s t e d  o f  t h e  random p r e s e n t a t i o n  o f  s t i m u l i  a t  
two o f  t h e  c a r d i a c  c y c l e / a l p h a  c y c l e  c o n d i t i o n s .  The same 
c a r d i a c  c y c l e / a l p h a  c y c l e  b l o c k i n g  a r ra n g e m e n t  was m a i n t a i n e d  
a c r o s s  a l l  t h e  s e s s i o n s  o f  bo th  e x p e r i m e n t s .  T h i s  a r r a n g e m e n t  
gave t h e  f o l l o w i n g  f o u r  b l o c k s :  d i a s t o l i c  p o s i t i v e  and
n e g a t i v e  a l p h a  c y c l e  z e r o  c r o s s e s ,  s y s t o l i c  p o s i t i v e  and
n e g a t i v e  a l p h a  c y c l e  z e r o  c r o s s e s ,  s y s t o l i c  p o s i t i v e  and
n e g a t i v e  a l p h a  c y c l e  pe a k s ,  d i a s t o l i c  p o s i t i v e  and n e g a t i v e  
a l p h a  c y c l e  peaks .  T he  o r d e r  o f  t hes e  f o u r  b l o c k s  was 
s y s t e m a t i c a l l y  v a r i e d  w i t h i n  each s u b j e c t  a c r o s s  s e s s i o n s  i n  
b o t h  e x p e r i m e n t s  t o  a v o i d  any o r d e r  e f f e c t s .  The t i m e  f o r  an
e x p e r i m e n t a l  b l o c k  o f  t r i a l s  a v e r a g e d  abou t  25 m i n u t e s .  A f t e r
a b l o c k  o f  t r i a l s ,  t h e  s u b j e c t  was g i v e n  a 5 m i n u t e  r e s t  b e f o r e  
t h e  n e x t  b l o c k .  The t i m e  be tw ee n  p r e s e n t a t i o n  o f  s u c c e s s i v e  
s t i m u l i  d u r i n g  a b l o c k  o f  t r i a l s  was ra n do m ly  v a r i e d  be twe en  
10-15 s e c o n d s  f o r  each t r i a l .
The c om p u t e r  p r o g r a m  f o r  t h e  p l a c e m e n t  o f  t h e  s t i m u l i  
w i t h i n  t h e  s p e c i f i e d  phases  o f  t h e  c a r d i a c  and a l p h a  c y c l e s  
wo rked  as f o l l o w s .  The co m pu te r  f i r s t  t r a c k e d  t h e  d i g i t i z e d  
v e r s i o n  o f  t h e  c a r o t i d  p u l s e  p r e s s u r e  s i g n a l  i n  r e a l  t i m e .  
When t h e  p u l s e  p r e s s u r e  reac he d  t h e  s p e c i f i e d  ph as e  (peak f o r  
s y s t o l e  o r  t r o u g h  f o r  d i a s t o l e )  t h e  co m p u t e r  t h e n  began t o  
t r a c k  t h e  f i l t e r e d  EEG a c t i v i t y  i n  t h e  a l p h a  r a n g e  f ro m  t h e  T5
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l o c a t i o n .  When t h i s  s i g n a l  r e a c h e d  t h e  s p e c i f i e d  phase (neg.  
pe ak ,  neg.  g o in g  z e r o  c r o s s ,  p o s . g o i n g  z e r o  c r o s s ,  o r  po s .  
peak )  t h e  a u d i t o r y  s t i m u l u s  was s e n t  by  t h e  d i g i t a I - t o - a n a 1og 
c o n v e r t e r  i n t o  t h e  headphones w h i c h  t h e  s u b j e c t  w o re .  The
phases  o f  t h e s e  p h y s i o l o g i c a l  c y c l e s  we re  d e t e r m i n e d  by a t i m e  
domain  a n a l y s i s  by t h e  com p u t e r  o f  z e r o  c r o s s e s  and peaks  ( r a t e  
o f  change  o f  s i g n a l  “  0 ) .  A t  t h e  o n s e t  o f  t h e  a u d i t o r y
s t i m u l u s ,  t h e  a n a l o g - t o - d i g i t a l  c o n v e r t e r  began t o  r e c o r d  t he  
p s y c h o p h y s i o l o g i c a l  s i g n a l s  ( t h e  p u l s e  wave,  t h e  EEG a l p h a
wave,  and t h e  r e a c t i o n  t i m e  s i g n a l  c h a n n e l ) .  The
ana 1o g - t o - d i g i t a 1 c o n v e r t e r  r e c o r d e d  t h i s  i n f o r m a t i o n  f o r  two
seconds  a f t e r  t h e  o n s e t  o f  t h e  s t i m u l u s  and s t o r e d  i t  in 
memory.  The p u l s e ,  a l p h a ,  and r e a c t i o n  c h a n n e l s  we re  sampled 
a t  16, 32 ,  and 128 s a m p l e s / s e c .  r e s p e c t i v e l y  by t h e
a n a l o g - t o - d i g i t a l  c o n v e r t e r .
Bo th  t h e  i n i t i a l  c a r d i a c  c y c l e  and t he  i n i t i a l  100 msec,  
o f  t h e  EEG s i g n a l  a f t e r  s t i m u l u s  p r e s e n t a t i o n  w e re  c o r r e l a t e d  
w i t h  s i n u s o i d a l  t e m p l a t e s  o f  t h e s e  s i g n a l s  o f  t h e  a p p r o p r i a t e  
phase f o r  t h e  p a r t i c u l a r  t r i a l .  I f  b o t h  o f  t h e s e  c o r r e l a t i o n s
we re  above a p r e d e t e r m i n e d  t h r e s h o l d  ( . 25  f o r  t h e  a l p h a  phase
and 0 . 0  f o r  t h e  c a r d i a c  p h a s e ) ,  t h e  p e r f o r m a n c e  d a t a  f r o m  t h e  
t r i a l  we r e  i n c l u d e d  i n  t h e  a n a l y s i s  o f  a l p h a  c y c l e / c a r d i a c  
c y c l e  p e r f o r m a n c e  e f f e c t s .  W h i l e  t h e s e  c o r r e l a t i o n  t h r e s h o l d s  
w e re  r a t h e r  low f o r  each s i g n a l ,  t h e  a v e r a g e  c o r r e l a t i o n  
be tw ee n  t h e  t e m p l a t e  and t h e  s i g n a l  f o r  b o t h  s i g n a l s  was above 
.6  f o r  a l l  t h r e e  s u b j e c t s .
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P r o c e d u r e s  U n iq u e  t o  t h e  S i g n a l  D e t e c t  i on Exper  i men t
For  t h e  s i g n a l  d e t e c t i o n  e x p e r i m e n t ,  t h e  s t i m u l i  we re  o f  
two t y p e s ,  S/N -  1*0 msec o f  a 1000 Hz.  s i g n a l  embedded i n  40 
msec,  o f  n o i s e ,  and N -  40 msec,  o f  n o i s e .  The two  t y p e s  o f  
s t i m u l i  w e re  r a n d o m ly  p r e s e n t e d  i n  s e r i e s  w i t h  a <5 p r o b a b i l i t y  
o f  o c c u r r e n c e  o f  e a c h .  The s u b j e c t  was as ke d  t o  j u d g e  wh e t h e r  
each s t i m u l u s  was S/N o r  N and h i s / h e r  p e r f o r m a n c e  was 
r e c o r d e d .  The s u b j e c t  was i n s t r u c t e d  t o  i n d i c a t e  h i s / h e r  
j u d g e m e n t  by e i t h e r  p r e s s i n g  a m i c r o s w i t c h  f o r  t h e  t a r g e t  
s t i m u l u s  ( i n  a l l  c a s e s  t h i s  was N) o r  n o t  p r e s s i n g  i n  t h e  case 
where h e / s h e  t h o u g h t  t h a t  t h e  n o n - t a r g e t  s t i m u l u s  (S/N) was 
p r e s e n t e d .  T h i s  t a r g e t / n o n - t a r g e t  mapp ing  was m a i n t a i n e d  
a c r o s s  a l l  s e s s i o n s  o f  t h i s  s i g n a l  d e t e c t i o n  e x p e r i m e n t .  
A l t h o u g h  b o t h  t y p e s  o f  s t i m u l i  w e r e  a d j u s t e d  t o  be o f  equal  
l o u d n e s s ,  t h e  s i g n a l  t o  n o i s e  r a t i o  o f  t h e  S/N s t i m u l u s  was 
a d j u s t e d  t o  y i e l d  a D i ndex ( t h e  i n de x  o f  d e t e c t i b i 1 i t y )  f o r  
each s e s s i o n  o f  a b o u t  1 .5 *  T h i s  D i n d e x  i s  j u s t  above 
t h r e s h o l d  and t h i s  i s  i n  k e e p i n g  w i t h  t h e  V e l de n  and J u r i s  
(1975) m e t h o d o l o g y .  Ch o i ce  r e a c t i o n  t i m e s  w e re  measu red  by t he  
c o m p u t e r ' s  t r a c k i n g  o f  t h e  m i c r o s w i t c h  s i g n a l .  The compu te r  
was a b l e  t o  s o r t  t h e s e  r e a c t i o n s  i n t o  t a r g e t  ( h i t )  and 
n o n - t a r g e t  ( f a l s e  a l a r m )  c a t e g o r i e s .
The h y p o t h e s e s  f o r  t h i s  s i g n a l  d e t e c t i o n  we re  t 'o be  t e s t e d  
u s i n g  t h e  f o l l o w i n g  p l a n n e d  c o m p a r i s o n s .  The h y p o t h e s i s  t h a t  
d e t e c t i b i 1 i t y  and c h o i c e  r e a c t i o n  t im e  s c o r e s  we re  t o  v a r y  w i t h  
t h e  phase  o f  t h e  a l p h a  c y c l e  was t o  be t e s t e d  by  c om p ar in g  
d e t e c t i b i 1 i t y  and c h o i c e  r e a c t i o n  t im e  s c o r e s  a t  o p p o s i t e  a l ph a
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c y c l e  phase l e v e l s  t o  c h e c k  f o r  s i g n i f i c a n t  d i f f e r e n c e s .  T h a t  
i s ,  t he  f o l l o w i n g  two a l p h a  c y c l e  c o m p a r i s o n s  were-  p l a n n e d :  
1 ) a l p h a  c y c l e  p o s i t i v e  z e r o  c r o s s  s c o r e s  v s .  a l p h a  c y c l e
n e g a t i v e  z e r o  c r o s s  s c o r e s ,  and 2 ) a l p h a  c y c l e  p o s i t i v e  peak 
s c o r e s  v s .  a l p h a  c y c l e  n e g a t i v e  peak  s c o r e s .  The reason  was 
t h a t  i f  p e r f o r m a n c e  v a r i e s  d i r e c t l y  w i t h  t he  a l p h a  c y c l e ,  t h e n  
i t  s h o u l d  be  m a x i m a l l y  d i f f e r e n t  a t  o p p o s i t e  a l p h a  c y c l e
p h a s e s .  The e f f e c t  o f  t h e  c a r d i a c  c y c l e  on d e t e c t i b i 1 i t y  and 
c h o i c e  r e a c t i o n  t im e  s c o r e s ,  a l o n g  w i t h  how i t  r e l a t e s  t o  t h e  
a l p h a  c y c l e ' s  e f f e c t ,  was t o  be t e s t e d  by t h e  f o l l o w i n g  t h r e e  
c a r d i a c  c y c l e  p lanned  c o m p a r i s o n s :  U o v e r a l l  d i a s t o l i c  v s .
o v e r a l l  s y s t o l i c  p e r f o r m a n c e ;  2 ) d i a s t o l i c  a l p h a  c y c l e  z e r o
c r o s s  p e r f o r m a n c e  v s .  s y s t o l i c  a l p h a  c y c l e  z e r o  c r o s s
p e r f o r m a n c e ,  and 3 ) d i a s t o l i c  a l ph a  c y c l e  p o s i t i v e  and n e g a t i v e  
peak  p e r f o r m a n c e  v s .  s y s t o l i c  a l p h a  c y c l e  p o s i t i v e  and 
n e g a t i v e  peak  p e r f o r m a n c e .  The f i r s t  c a r d i a c  c y c l e  c o m p a r i s o n  
a l l o w s  an asse ssmen t  o f  an  o v e r a l l  c a r d i a c  c y c l e  e f f e c t ,  w h i l e  
t h e  second and t h i r d  c o m p a r i s o n s  a l l o w  an as se ss me n t  o f  how t h e  
c a r d i a c  c y c l e  and t h e  a l p h a  c y c l e  a r e  r e l a t e d .
P ro c e d u r e s  Un ique t o  t h e  TemporaI  D i s c r  i m i n a t  i on  Exper  imen t
B e f o r e  d e s i g n i n g  a s t u d y  aimed a t  o b t a i n i n g  an a u d i t o r y  
a n a l o g u e  t o  t h e  a p p a r e n t  v i s u a l  s i m u l t a n e i t y  e f f e c t  w h i c h  
V a r e l a  e t  a l .  (1981) o b s e r v e d ,  p i l o t  w o r k  was co n d u c te d  t o  
u n d e r s t a n d  b e t t e r  t h e  a u d i t o r y  e f f e c t  o f  a p p a r e n t  s i m u l t a n e i t y  
w h i c h  E f r o n  had  r e p o r t e d .  I n  t h i s  p i l o t  w o rk ,  a 1000 Hz. t o n e  
was i m m e d i a t e l y  succeeded by a 2000 Hz .  t o n e  and t h e r e  was no 
t e m p o r a l  o v e r l a p  or  gap b e tw ee n  t h e  end o f  t h e  f i r s t  t on e  and
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t h e  s t a r t  o f  t h e  second  t o n e .  When each o f  t h e  two t o n e s  was 
a p p r o x i m a t e l y  20 msec .  i n  d u r a t i o n ,  t h e  e x p e r i m e n t e r ' s  
p e r c e p t i o n  was t h a t  t h e  two to n e s  were  t e m p o r a l l y  o v e r l a p p e d  
such t h a t  t h e y  q u i t e  o f t e n  a p p e a r e d  t o  be s i m u l t a n e o u s  i n  
o n s e t .  As t h e  d u r a t i o n s  o f  each o f  t h e  two s t i m u l i  were 
i n c r e a s e d  (so t h a t  t h e  d i f f e r e n c e  i n  t im e  be tw ee n  t h e i r  o n s e t s  
was a l s o  i n c r e a s e d )  t h e  two t o n e s  began t o  be p e r c e i v e d  as 
b e i n g  more s e p a r a t e d  i n  t i m e .  When each o f  t h e  two t o n e s  had a 
d u r a t i o n  w i t h i n  t h e  range  o f  4 0 - 5 0  m s e c . ,  t he y  began t o  be
h e a r d  by t h i s  e x p e r i m e n t e r  (on a t  l e a s t  h a l f  o f  t h e  t r i a l s )  as
two d i s t i n c t  and s e p a r a t e  sounds somewhat  l i k e  t h e  two 
s y l l a b l e s  " b a a - l e e p " .  In t h i s  r an ge  o f  4 0 -5 0  m se c . ,  
a p p r o x i m a t e l y  h a l f  o f  t h e  s t i m u l i  we re  s t i l l  he a rd  such  t h a t  
t h e  two  to n e s  wer e  s t i l l  c o n n e c t e d  o r  o v e r l a p p i n g  somewhat  l i k e  
t h e  one s y l l a b l e  " b l e e p " .  In t h i s  " c o n n e c t e d "  c a se ,  t h e  low 
f r e q u e n c y  f i r s t  t o n e  was he a rd  t o  p r e c e d e  t h e  h i g h e r  f r e q u e n c y  
second  t o n e ,  y e t  i t  a l s o  a p pe a r ed  t o  b i e n d  i n  w i t h  t h a t  h i g h e r  
f r e q u e n c y  t o n e .  On t h e  o t h e r  hand ,  i n  t h e  " s e p a r a t e d "  case ,  
t h e r e  ap pea red  t o  be l i t t l e  o r  no b l e n d i n g  o f  t h e  tw o  ton es  
a c r o s s  t i m e .
For  t he  t e m p o r a l  d i s c r i m i n a t i o n  e x p e r i m e n t ,  t he  s t i m u l u s  
c o n s i s t e d  o f  a 1000 Hz.  t o n e  succeeded by  a 2000 Hz.  t o n e .  
The e x a c t  d u r a t i o n  o f  each o f  t h e s e  two t o n e s  was a d j u s t e d  i n
t h e  r an ge  o f  4 0 - 5 0  msec,  w i t h  equa l  d u r a t i o n s  f o r  each  tone
u n t i l  d u r a t i o n s  we r e  e s t a b l i s h e d  w h ic h  r e s u l t e d  i n  t h e  s u b j e c t  
i n d i c a t i n g  t h a t  a p p r o x i m a t e l y  h a l f  o f  t h e  t w o - t o n e  s t i m u l i  we re  
h e a r d  t o  be " c o n n e c t e d "  and h a l f  we r e  h e a r d  t o  be " s e p a r a t e d " .
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The s u b j e c t  was i n s t r u c t e d  t o  i n d i c a t e  " c o n n e c t e d n e s s "  v s .  
" s e p a r a t e n e s s "  by p r e s s i n g  a m i c r o s w i t c h  f o r  one o f  t h e s e  
c a t e g o r i e s  and by n o t  p r e s s i n g  t h e  m i c r o s w i t c h  f o r  t h e  o t h e r  
c a t e g o r y .  The c a t e g o r y  w h i c h  t h e  s u b j e c t  i n d i c a t e d  by p r e s s i n g  
was termed t h e  t a r g e t  c a t e g o r y .  The  i n s t r u c t i o n s  t o  t h e
s u b j e c t  as t o  w h i c h  o f  t h e  two c a t e g o r i e s  wo u l d  be t h e  t a r g e t
c a t e g o r y  we re  v a r i e d  f r o m  s e s s i o n  t o  s e s s i o n ,  as t h i s  a l l o w e d  a 
co m p a r i s o n  o f  r e a c t i o n  t i m e s  w h ic h  c o r r e s p o n d e d  t o  b o t h  
" c o n n e c t e d "  and " s e p a r a t e d "  j u d g e m e n t s .  The t a r g e t  c a t e g o r y  
s c h e d u l e  f o r  each s u b j e c t  a c r o s s  a l l  f o u r  s e s s i o n s  i s  p r e s e n t e d  
i n  T a b l e  1. The r e a c t i o n  t im e s  were  measured by t h e  comp u te r
j u s t  as i n  t h e  s i g n a l  d e t e c t i o n  e x p e r i m e n t .
The h y p o t h e s e s  f o r  t h e  t emp or a l  d i s c r i m i n a t i o n  e x p e r i m e n t  
w e r e  t o  be t e s t e d  as f o l l o w s .  The f r e q u e n c y  o f  c a t e g o r i z a t i o n  
o f  " s e p a r a t e n e s s "  and t h e  measure o f  c h o i c e  r e a c t i o n  t im e  wer e  
t o  be compared a c r o s s  o p p o s i t e  a l p h a  c y c l e  phase l e v e l s  (PP v s .  
NP) and (NZ v s .  PZ) t o  c h e c k  f o r  a d i r e c t  a l p h a  c y c l e  e f f e c t  
on  th e s e  m e a s u r e s .  The e f f e c t  o f  t h e  c a r d i a c  c y c l e  on c h o i c e  
r e a c t i o n  t i m e  was t o  be assessed  u s i n g  t h e  same t h r e e  
c o m p a r i s o n s  as had been o u t l i n e d  f o r  t h e  s i g n a l  d e t e c t i o n  
e x p e r  i m e n t .
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V.  RESULTS AND DISCUSSION 
S i ana I D e t e c t  i o n  Expe r  imen t
R e s u l t s
T a b l e  2 p r o v i d e s  a b reakdown  o f  t h e  p e r f o r m a n c e  d a t a  f o r  
each s u b j e c t  ( i n  t e rm s  o f  h i t s ,  m i s s e s ,  f a l s e  a l a r m s ,  and 
c o r r e c t  r e j e c t i o n s )  as a f u n c t i o n  o f  t h e  c a r d i a c  and a l p h a  
c y c l e  c o n d i t i o n s .  T h e r e  was no c o n s i s t e n t  t r e n d  i n  t h e s e  d a t a  
a c r o s s  s u b j e c t s .  The D s c o r e  ( i n d e x  o f  d e t e c t i b i  1 i t y )  
c a l c u l a t e d  f r om  t h e s e  d a t a  f o r  each s u b j e c t  a t  each o f  t he  
c a r d i a c  and a l p h a  c y c l e  c o n d i t i o n s  i s  p r e s e n t e d  i n  T a b l e  3 ..
The av e r a g e  D s c o r e  a c r o s s  t h e  t h r e e  s u b j e c t s  a t  each c o n d i t i o n  
i s  p r e s e n t e d  i n  F i g u r e  L . The D s c o r e s  a t  t h e  n e g a t i v e  a l p h a  
c y c l e  peaks wer e  s i g n i f i c a n t l y  l a r g e r  t h a n  a t  t h e  p o s i t i v e  
a l p h a  c y c l e  peaks (F ( 1 , 2 ) “ 2 2 . kL ,  ( p < . 0 5 ) , e t a - s q u a r e d - . L 7) .
The c o m p a r i s o n  o f  t h e  D s c o r e s  a t  t h e  a l p h a  c y c l e  n e g a t i v e  z e r o  
c r o s s  v s .  t h e  p o s i t i v e  z e r o  c r o s s  was n o t  s i g n i f i c a n t  
( F ( 1 , 2 )  < 1 . 0 )  . T h e r e  was no s i g n i f i c a n t  o v e r a l l  c a r d i a c  c y c l e  
e f f e c t  (F ( 1 , 2 ) < 1 . 0 ) .  A l s o ,  t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  
be tween  D s c o r e s  a t  t h e  d i a s t o l i c  a l p h a  c y c l e  n e g a t i v e  and
p o s i t i v e  peaks as compared t o  D s c o r e s  a t  t h e  s y s t o l i c  a l p h a  f
c y c l e  n e g a t i v e  and p o s i t i v e  peaks  (F ( 1 , 2 ) < 1 . 0 ) .  Howeve r ,  a %
ir
c o m p a r i s o n  o f  t h e  a l p h a  c y c l e  z e r o  c r o s s  D s c o r e s  a c r o s s  }
d i a s t o l e  and s y s t o l e  ap p ro ach ed  s i g n i f i c a n c e  ( F ( 1 , 2 ) - 1 6 . 5 .
( p < . 1 0 ) ,  e t a - s q u a r e d - . 2 1 ) .
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The f a c t  t h a t  t he  d i f f e r e n c e  be t w e e n  the  a l p h a  c y c l e  z e r o  
c r o s s  D s c o r e s  a c r o s s  d i a s t o l e  and s y s t o l e  ap p r o a ch e d
s i g n i f i c a n c e  i s  d e m o n s t r a t e d  i n  F i g u r e  U . In t h a t  f i g u r e ,  one 
can see t h a t  t h e  d i a s t o l i c  a l p h a  c y c l e  z e r o  c r o s s  D sco r es  w e r e  
l a r g e r  t h a n  t h e  s y s t o l i c  a l p h a  c y c l e  z e r o  c r o s s  D s c o r e s .  I n  
t h a t  f i g u r e  one can a l s o  see t h a t  t h e  ave rag e  d i a s t o l i c  a l p h a  
c y c l e  ze r o  c r o s s  D s c o r e s  we r e  e i t h e r  co m p a r a b le  t o  o r  l a r g e r
t h a n  t h e  a v e r a g e  d i a s t o l i c  n e g a t i v e  peak D s c o r e ,  whereas t h e
a v e r a g e  s y s t o l i c  a l ph a  c y c l e  z e r o  c r o s s  0 s c o r e s  were e i t h e r  
co m p a ra b le  t o  o r  s m a l l e r  t han  t h e  ave rag e  s y s t o l i c  p o s i t i v e
peak D s c o r e .
T h i s  s i t u a t i o n  was m od e l ed  w i t h  t h e  po s t  hoc  c o m p a r i s o n s  
d e p i c t e d  i n  F i g u r e  5-  I n  t h i s  m o d e l ,  t h e  d i a s t o l i c  a lph a  c y c l e  
z e r o  c r o s s  D s c o r e s  we re  av e r a g e d  i n  w i t h  t he  d i a s t o l i c  a l p h a  
c y c l e  n e g a t i v e  peak D sc o r e s  a c r o s s  s u b j e c t s  and w e r e
s i g n i f i c a n t l y  l a r g e r  t h a n  t h e  d i a s t o l i c  a lph a  c y c l e  peak s c o r e s  
(F ( 1 , 2 ) « 3 7 . 8 ,  ( p < . 0 5 ) ) .  A t  s y s t o l e ,  t h e  a lph a  c y c l e  ze r o  c r o s s  
□ s c o r e s  w e re  ave raged  i n  w i t h  t h e  a l p h a  c y c l e  p o s i t i v e  peak D 
s c o r e s  a c r o s s  s u b j e c t s  and were s i g n i f i c a n t l y  s m a l l e r  t h a n  t h e  
a l p h a  c y c l e  n e g a t i v e  peak s c o r e s  ( F ( 1 , 2 ) " 2 9 . 2 ,  ( p < . 0 5 ) ) .
The n e x t  d a t a  w h i c h  w e r e  a n a l y z e d  were t h e  r e a c t i o n  t i m e
d a t a .  The r e a c t i o n  t i m e s  wer e  c a t e g o r i z e d  by t h e  computer  i n t o  
t a r g e t  ( h i t )  and n o n - t a r g e t  ( f a l s e  a l a r m )  s c o r e s .  W i t h i n  eac h
s u b j e c t ,  t h e  ave rage  t a r g e t  and n o n - t a r g e t  s c o r e s  a c r o s s  t h e  
a l p h a  c y c l e  and c a r d i a c  c y c l e  c o n d i t i o n s  were z - t r a n s f o r m e d  t o  
e s t a b l i s h  s c o r e s  wh i ch  r e f l e c t e d  v a r i a t i o n  a r o u n d  the  a v e r a g e  
f o r  each i n d i v i d u a l  s u b j e c t .  T a b l e  I* l i s t s  t h e  ave rage  and
Page 33
z - t r a n s f o r m e d  t a r g e t  and n o n - t a r g e t  r e a c t i o n  t im e  s c o r e s  f o r  
each s u b j e c t  a c r o s s  t h e  a l p h a  c y c l e  and c a r d i a c  c y c l e  
cond i t  i o n s .
The h y p o t h e s e s  r e g a r d i n g  t h e  e f f e c t  o f  t h e  a l p h a  c y c l e  and 
t h e  c a r d i a c  c y c l e  on c h o i c e  r e a c t i o n  t i m e s  ( t h e  s i m p l e  a ve ra g e  
o f  t h e  t a r g e t  and n o n - t a r g e t  s c o r e s )  we re  t e s t e d  as f o l l o w s .  
R e a c t i o n  t im e  s c o r e s  a t  t h e  n e g a t i v e  a l p h a  c y c l e  peak were  
compared  t o  r e a c t i o n  t im e  s c o r e s  a t  t h e  p o s i t i v e  a l p h a  c y c l e  
peak and w e r e  n o t  f ou nd  t o  be s i g n i f i c a n t l y  d i f f e r e n t  
( F ( 1 , 2 ) < 1 . 0 )  . A l s o  t he  c o m p a r i s o n  o f  r e a c t i o n  t im e  s c o r e s  a t  
t h e  n e g a t i v e  a l p h a  c y c l e  z e r o  c r o s s e s  v s .  t h o s e  a t  t h e  
p o s i t i v e  a l p h a  c y c l e  z e r o  c r o s s e s  d i d  n o t  y i e l d  a s i g n i f i c a n t  
d i f f e r e n c e  ( F ( 1 , 2 ) < 1 . 0 ) .  T h i s  i n d i c a t e d  t h a t  t h e  a l p h a  c y c l e  
had no e f f e c t  on c h o i c e  r e a c t i o n  t im e  s c o r e s  i n  t h i s  e x p e r i m e n t  
and t h u s  t he  o r i g i n a l  h y p o t h e s i s  was n o t  s u p p o r t e d .  The 
o v e r a l l  e f f e c t  o f  t h e  c a r d i a c  c y c l e  on c h o i c e  r e a c t i o n  t im e  was 
t e s t e d  by c o m p a r i n g  r e a c t i o n  t i m e  s c o r e s  a t  d i a s t o l e  t o  t h o s e  
a t  s y s t o l e  and t h i s  d i f f e r e n c e  was no t  s i g n i f i c a n t  
(F ( 1 , 2 )  <1.0)  . A l t h o u g h  t h i s  i n d i c a t e s  t h a t  t h e r e  was no 
o v e r a l l  c a r d i a c  c y c l e  e f f e c t ,  c a r d i a c  c y c l e  phase d i d  have a 
s i g n i f i c a n t  e f f e c t  on th e  c h o i c e  r e a c t i o n  t im e  s c o r e s  a t  t h e  
a l p h a  c y c l e  n e g a t i v e  and p o s i t i v e  peaks (F ( 1 , 2 ) - 2 6 . 2 ,  ( p<.05)  ,
e t a - s q u a r e d - .  1*7) • U n e x p e c t e d l y ,  t h i s  e f f e c t  was o p p o s i t e  t o  
w h a t  had been p r e d i c t e d ,  as  t h e  s y s t o l i c  s c o r e s  we re  
s i g n i f i c a n t l y  f a s t e r  t ha n  t h e  d i a s t o l i c  s c o r e s .  I n  o p p o s i t i o n  
t o  t h i s  a l ph a  c y c l e  n e g a t i v e  and p o s i t i v e  peak r e a c t i o n  t im e  
e f f e c t ,  r e a c t i o n  t im e s  w e r e  f a s t e r  a t  t h e  a l p h a  c y c l e  z e r o
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c r o s s e s  a t  d i a s t o l e  as compared t o  s y s t o l e ,  b u t  t h i s  a l p h a  
c y c l e  z e r o  c r o s s  e f f e c t  was n o t  s i g n i f i c a n t  (F“ 3•83» ( p > . 1 0 ) ) .
These r e a c t i o n  t i m e  d a t a  w e r e  t h e n  s u b j e c t e d  t o  a n a l y s i s  
t o  compare* t a r g e t  and n o n - t a r g e t  d i f f e r e n c e s .  T a r g e t  s c o r e s  
w e r e  s i g n i f i c a n t l y  f a s t e r  t han  n o n - t a r g e t  s c o r e s  ( F ( 1 , 2 ) “ 2 1 . k j  
( p < . 05) , e t a - s q u a r e d " . 60 ) .  F i g u r e  6 s u g g e s t s  t h a t  t h i s  
t a r g e t / n o n - t a r g e t  d i f f e r e n c e  i s  m ore  p r on ou nce d  a t  t h e  a l p h a  
c y c l e  z e r o  c r o s s e s  t h a n  a t  t h e  a l ph a  c y c l e  n e g a t i v e  and 
p o s i t i v e  peak s  a t  b o t h  d i a s t o l e  and s y s t o l e .  S t a t i s t i c a l  
a n a l y s i s  showed t h a t  t he  e f f e c t  was s i g n i f i c a n t  a t  t h e  a l p h a  
c y c l e  z e r o  c r o s s e s  (F ( 1 , 2 ) « 7 3 • ^ 5 .  ( p < . 0 5 ) ,  e t a - s q u a r e d " . 85) ,
whereas  t h e  e f f e c t  was n o t  s i g n i f i c a n t  a t  t h e  a l p h a  c y c l e  
n e g a t i v e  and p o s i t i v e  peaks  ( F ( 1 , 2 ) - 5 . 0 3 .  ( p > . 1 0 ) ) .  The phase 
o f  t h e  c a r d i a c  c y c l e  had no i n f l u e n c e  on t h i s  t a r g e t / n o n - t a r g e t  
e f f e c t  w h i c h  was o b s e r v e d  u n i q u e l y  a t  t h e  a l p h a  c y c l e  z e r o  
c r o s s e s  ( F < 1 . 0 ) .
D i s c u s s  i on
The s i g n i f i c a n t  n e g a t i v e  a l p h a  peak v s .  p o s i t i v e  a l p h a  
peak d e t e c t i b i 1 i t y  e f f e c t  does  s u p p o r t  t h e  h y p o t h e s i s  t h a t  
t h e r e  s h o u l d  be s i g n i f i c a n t  d i f f e r e n c e s  i n  d e t e c t i b i 1 i t y  
p e r f o r m a n c e  a c r o s s  o p p o s i t e  a l p h a  c y c l e  ph ase  l e v e l s .  S in c e  
t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  be tw ee n  d e t e c t i b i 1 i t y  
p e r f o r m a n c e  a t  t h e  tw o  o p p o s i t e  a l p h a  c y c l e  z e r o  c r o s s  p h a se s ,  
t h e  i m p l i c a t i o n  i s  t h a t  t h e  a l p h a  c y c l e  e f f e c t  i s  o n l y  a p p a r e n t  
when p e r f o r m a n c e  i s  compared a t  t he  peaks  v s .  t h e  t r o u g h s .  
The p o s t  hoc  a n a l y s e s  s u g g e s te d  t h a t  t h e  c a r d i a c  c y c l e  i s
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r e l a t e d  t o  d e t e c t i b i 1 i t y  p e r f o r m a n c e  w i t h  p e r f o r m a n c e  b e i n g  
p o o r e r  f o r  a l o n g e r  p e r i o d  o f  t im e  a t  c a r o t i d  s y s t o l e .  T h i s  i s  
i n  s u p p o r t  o f  t h e  h y p o t h e s i s  t h a t  had been s u g g e s t e d  by t h e  
r e v i e w  o f  t h e  l i t e r a t u r e .  What t h e s e  r e s u l t s  s u g g e s t  i s  t h e  
f o l l o w i n g .  F i r s t  o f  a l l ,  t h e  a l p h a  c y c l e  c o u l d  be  i n t e r p r e t e d  
as m i r r o r i n g  t h e  e x c i t a b i l i t y  o f  t h e  c o r t e x  and t h u s  m ig h t  be 
seen as r e f l e c t i n g  a p e r c e p t u a l  i n p u t  s h u t t e r .  T h i s  i s  seen i n  
F i g u r e  A i n  t h e  f a c t  t h a t  d e t e c t i b i 1 i t y  p e r f o r m a n c e  sc o r e s  a r e  
s i g n i f i c a n t l y  l a r g e r  a t  t h e  n e g a t i v e  a l p h a  c y c l e  peak as 
compared t o  t he  p o s i t i v e  a l p h a  c y c l e  peak .  S e c o nd l y ,  .a 
p o s s i b i l i t y  i s  t h a t  t h i s  a l ph a  c y c l e  i n p u t  s h u t t e r  i s  s u b j e c t  
t o  d i f f e r e n t i a l  b a r o r e c e p t o r  i n h i b i t o r y  a c t i v i t y  ac r o s s  t h e  
c a r d i a c  c y c l e .  F i g u r e  5 s u g g e s t s  t h a t  a t  d i a s t o l e ,  w h e r e  
l i t t l e  o r  no i n h i b i t i o n  w o u ld  be e x p e c t e d ,  t h e  a l p h a  c y c l e  
i n p u t  s h u t t e r  i s  open  f o r  a l o n g e r  p r o p o r t i o n  o f  t he  a l p h a  
c y c l e  as compared t o  s y s t o l e  where g r e a t e r  i n h i b i t i o n  wou ld  be 
e x p e c t e d .
The s l o w e r  r e a c t i o n  t i m e s  a t  t h e  d i a s t o l i c  a l p h a  c y c l e  
n e g a t i v e  and p o s i t i v e  peak s  a re  h a r d  t o  e x p l a i n  i f  one assumes 
t h a t  t h e  b a r o r e c e p t o r  a c t i v i t y  t h a t  i n f l u e n c e s  s t i m u l u s  i n p u t  
i s  t h e  o n l y  v a r i a b l e  w h i c h  i n f l u e n c e s  r e a c t i o n  t i m e s  ac ro ss  t h e  
c a r d i a c  c y c l e .  O b v i o u s l y ,  t h e  s i t u a t i o n  i s  n o t  t h a t  s i m p l e .  
However ,  one  m i g h t  s t i l l  s u g g e s t  t h a t  t h e  b a r o r e c e p t o r s  a r e  
r e s p o n s i b l e  f o r  t h i s  e f f e c t .  One e x p l a n a t i o n  c o u l d  be t h a t  
when s t i m u l i  a r e  p r e s e n t e d  a t  t h e  d i a s t o l i c  a l p h a  c y c l e  
n e g a t i v e  and p o s i t i v e  peaks ,  t h e  b a r o r e c e p t o r s  c r u c i a l l y  
i n h i b i t  p r o c e s s i n g  w h i c h  o c c u r s  a b o u t  1 /2 se c o n d  ( h a l f  o f  a
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c a r d i a c  c y c l e )  l a t e r  t h a n  s t i m u l u s  o n s e t  and t h a t  t h e  e f f e c t  o f  
t h i s  on r e a c t i o n  t i m e  i s  a c t u a l l y  s t r o n g e r  t h a n  t h e  
b a r o r e c e p t o r  i n h i b i t i o n  o f  s t i m u l u s  i n p u t  a t  s y s t o l e .
The t a r g e t / n o n - t a r g e t  a l p h a  c y c l e  z e r o  c r o s s  e f f e c t  had 
n o t  been e x p e c t e d .  S i n c e  i t  was t h e  d i  f f e r e n c e  i n  t a r g e t  and 
n o n - t a r g e t  r e a c t i o n  t i m e s  w h ic h  was s t a t i s t i c a l l y  s i g n i f i c a n t  
and s i n c e  t h e  t a r g e t  ( c o r r e c t )  r es p on se s  we re  f a s t e r ,  t h i s  
m i g h t  r e f l e c t  a p r o c e s s  w h ic h  p r e f e r e n t i a l l y  s e l e c t s  t a r g e t  
( c o r r e c t )  r e s p o n s e s  o v e r  n o n - t a r g e t  ( i n c o r r e c t )  r e s p o n s e s .  
A l s o ,  s i n c e  t h e  e f f e c t  was u n i q u e l y  ob se rv e d  a t  t h e  a l p h a  c y c l e  
z e r o  c r o s s e s ,  i t  can be s p e c u 1 a t i v e 1y s u g g e s te d  t h a t  such a 
p r o c e s s  i s  acc e s s ed  more e f f i c i e n t l y  when s t i m u l i  a r e  t i m e  
l o c ke d  t o  c e r t a i n  d i s c r e t e  phases  o f  c o r t i c a l  o p e r a t i o n ,  as 
r e f l e c t e d  by  t h e  a l p h a  c y c l e  z e r o  c r o s s e s .
Tempora l  D i s c r  im i n a t  i on Exper  i ment
R esu1t s
T a b l e  5 l i s t s  t h e  f r e q u e n c y  t h a t  t h e  s t i m u l u s  was 
c a t e g o r i z e d  as " s e p a r a t e d "  a c r o s s  s u b j e c t s  and a c r o s s  t h e  a l p h a  
c y c l e  and c a r d i a c  c y c l e  c o n d i t i o n s  o f  t h i s  e x p e r i m e n t .  Both  
t he  n e g a t i v e  v s .  p o s i t i v e  a l p h a  c y c l e  peak and t h e  n e g a t i v e  
v s .  p o s i t i v e  a l p h a  c y c l e  z e r o  c r o s s  c o m p a r i s o n s  y i e l d e d  F 
r a t i o s  w h i c h  w e re  l e s s  t h a n  1 . 0 .  T h i s  s u g g e s t e d  t h a t  t h e  
a b i l i t y  t o  d e t e r m i n e  w h e t h e r  tw o  to n es  a r e  " c o n n e c t e d "  as 
opposed t o  " s e p a r a t e d "  i s  n o t  s i m p l y  a f u n c t i o n  o f  where  t h e  
two to n e s  f a l l  w i t h i n  t h e  a l p h a  c y c l e .  T h u s ,  t h e  o r i g i n a l  
h y p o t h e s i s  t h a t  t h e  a l p h a  c y c l e  w o u ld  r e f l e c t  t h e  " p r o c e s s i n g
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p e r i o d "  f o r  e v e n t s  i n  t h e  a u d i t o r y  m o d a l i t y  was no t  s u p p o r t e d .
Howeve r ,  T a b l e  5 i n d i c a t e s  t h a t  a t  d i a s t o l e  o n l y  t h e r e  was 
a p a t t e r n  t o  t h e s e  p e r c e p t u a l  c a t e g o r i z a t i o n  da ta  w i t h i n  each
o f  t h e  t h r e e  s u b j e c t s .  For  two  s u b j e c t s ,  a t  d i a s t o l e  o n l y ,  t he  
p a t t e r n  was t h a t  t h e  s t i m u l i  p r e s e n t e d  a t  t h e  a l p h a  c y c l e  
n e g a t i v e  and p o s i t i v e  peaks w e r e  c a t e g o r i z e d  more o f t e n  as 
" c o n n e c t e d "  compared t o  t h o s e  s t i m u l i  p r e s e n t e d  a t  t h e  a l ph a  
c y c l e  n e g a t i v e  and p o s i t i v e  z e r o  c r o s s e s .  For  t h e  o t h e r  
s u b j e c t  t h e  p a t t e r n  was e x a c t l y  t he  o p p o s i t e .  Fo r  t h i s  
s u b j e c t ,  a t  d i a s t o l e  o n l y ,  t h e  p a t t e r n  was t h a t  t h e  s t i m u l i  
p r e s e n t e d  a t  t h e  a l p h a  c y c l e  n e g a t i v e  and p o s i t i v e  peak s  were 
c a t e g o r i z e d  more o f t e n  as " s e p a r a t e d "  compared t o  t h o s e  s t i m u l i  
w h i c h  w e r e  p r e s e n t e d  a t  t h e  a l p h a  c y c l e  n e g a t i v e  and p o s i t i v e  
ze r o  c r o s s e s .  T a b l e  5 shows t h e  f r e q u e n c y  o f  " s e p a r a t e n e s s "  
j u d g e m e n ts  w i t h i n  each s u b j e c t .  C h i - s q u a r e  t e s t s  were 
p e r f o r m e d  on t h e  f r e q u e n c i e s  o f  " s e p a r a t e n e s s "  j u d g e m e n t  w i t h i n  
each s u b j e c t  as a f u n c t i o n  o f  t h e  a l p h a  c y c l e  and t h e  c a r d i a c  
c y c l e .  A l l  t e s t s  w e re  ba sed  upon a c o m p a r i s o n  o f  t he  
f r e q u e n c i e s  a t  t h e  combined  a l p h a  c y c l e  z e r o  c ro s s  ( p o s .  and
neg . )  c o n d i t i o n s  v s .  t h e  comb ined  a l p h a  c y c l e  peak ( p o s .  and
neg . )  c o n d i t i o n s .  A t  d i a s t o l e ,  t h e  r e s u l t s  were 19 .7  (p< .01)  , 
8 . 0 0  ( p < . 0 1 ) , and 5 * 3 8  ( p < . 0 5 ) , f o r  s u b j e c t s  J . S . ,  K . M . ,  and
D . R . ,  r e s p e c t i v e l y .  None o f  t h e  r e s u l t s  we r e  s i g n i f i c a n t  a t  
s y s t o l e .
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These s i g n i f i c a n t  d i a s t o l e  o n l y  w i t h i n  s u b j e c t  e f f e c t s  
c o u l d  c e r t a i n l y  be j u s t  random e f f e c t s  s i n c e  t h e  p a t t e r n  o f  t h e  
e f f e c t s  was n o t  t h e  same w i t h  r e s p e c t  t o  t h e  a l p h a  c y c l e  a c r o s s  
a l l  t h r e e  s u b j e c t s .  Y e t ,  i t  was r ea son ed  t h a t  i f  i f  a f a c t o r  
c o u l d  be i d e n t i f i e d  w h i c h  was th e  same i n  t h e  tw o  s u b j e c t s  who 
g a ve  t h e  same e f f e c t  ( n e g a t i v e  and p o s i t i v e  pe ak s  “  
" c o n n e c t e d " )  and w h ic h  was d i f f e r e n t  i n  t h e  s u b j e c t  who gav e  
t h e  o p p o s i t e  e f f e c t ,  t h e n  t h i s  f a c t o r  m i g h t  be  v iewed  as b e i n g  
r e s p o n s i b l e  f o r  t h e s e  e f f e c t s .  One p o s s i b l e  f a c t o r  was t h e  
c a t e g o r y  w h i c h  th e  s u b j e c t  was i n i t i a l l y  i n s t r u c t e d  to  v i e w  as 
t h e  t a r g e t  c a t e g o r y .  T h a t  i s ,  t h e  c a t e g o r y  w h i c h  the  s u b j e c t  
was i n i t i a l l y  i n s t r u c t e d  t o  i n d i c a t e  by  p r e s s i n g  t h e  
m i c r o s w i t c h .  What  was d i s c o v e r e d  was t h a t  t h i s  f a c t o r  d i d  
c o v a r y  w i t h  t h e  " c o n n e c t e d " / " s e p a r a t e d "  a l p h a  c y c l e  e f f e c t s  a t  
d i a s t o l e .
The two s u b j e c t s  who wer e  i n i t i a l l y  i n s t r u c t e d  t o  p r e s s  
when t h e  s t i m u l u s  was p e r c e i v e d  as " c o n n e c t e d "  (as i n d i c a t e d  i n  
T a b l e  1) w e re  t h e  v e r y  same s u b j e c t s  who a t  d i a s t o l e  
c a t e g o r i z e d  s i g n i f i c a n t l y  more o f  t h e  s t i m u l i  p r e s e n te d  a t  t h e  
a l p h a  c y c l e  n e g a t i v e  and p o s i t i v e  pe ak s  as b e i n g  " c o n n e c t e d "  as 
compared t o  t h e  s t i m u l i  p r e s e n t e d  a t  t h e  a l ph a  c y c l e  z e r o  
c r o s s e s  (as i n d i c a t e d  i n  T a b l e  5) • W i t h  t h e  o t h e r  s u b j e c t ,  who 
had been i n i t i a l l y  i n s t r u c t e d  t o  p r e s s  when t h e  s t i m u l u s  was 
p e r c e i v e d  as " s e p a r a t e d "  (as i n d i c a t e d  by  T a b l e  1) .
s i g n i f i c a n t l y  more " s e p a r a t e "  j u d g e m e n t s  we re  r e p o r t e d  when t h e  
s t i m u l u s  was p r e s e n t e d  a t  t h e  d i a s t o l i c  a l p h a  c y c l e  n e g a t i v e  
and p o s i t i v e  peaks  as compared t o  t h e  d i a s t o l i c  a l p h a  c y c l e
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z e r o  c r o s s e s  (as i n d i c a t e d  i n  T a b l e  5 ) •
What  appea red  p o s s i b l e  was t h a t  t h e  c a t e g o r y  w h i c h  was 
i n i t i a l l y  i d e n t i f i e d  as t h e  t a r g e t  c a t e g o r y  was c o v a r y i n g  w i t h  
t h e  phase o f  t h e  a l p h a  c y c l e  a t  d i a s t o l e ,  i n  t h a t  t h e  i n i t i a l  
t a r g e t  c a t e g o r y  was p e r c e i v e d  more o f t e n  a c r o s s  s u b j e c t s  a t  t h e  
d i a s t o l i c  a l p h a  c y c l e  n e g a t i v e  and p o s i t i v e  p e a k s .  T h i s  
p o s s i b i l i t y  was t e s t e d  w i t h  an F t e s t  w h i c h  v ie wed  t h e  a l p h a  
c y c l e  z e r o  c r o s s e s  and t h e  a l p h a  c y c l e  peaks  ( n e g a t i v e  and 
p o s i t i v e )  a t  d i a s t o l e  as two l e v e l s  o f  a v a r i a b l e  and wh ich  
v ie we d  t h e  p r o b a b i l i t y  o f  i n i t i a l  t a r g e t  c a t e g o r i z a t i o n  as t he  
de pe nd en t  v a r i a b l e .  What  was f o u n d  was t h a t  t h e  i n i t i a l  t a r g e t  
c a t e g o r y  was i n d i c a t e d  s i g n i f i c a n t l y  more o f t e n  a t  t he  
d i a s t o l i c  a l p h a  c y c l e  peaks as opposed  t o  t h e  d i a s t o l i c  a l p h a  
c y c l e  z e r o  c r o s s e s  (F (1 ,?.) “ 3 2 . 8 1 ,  (p< -05 )  , e t a - s q u a r e d « . A O )  . A
s i m i l a r  t e s t  o f  a l p h a  c y c l e  z e r o  c r o s s e s  v s .  peaks a t  s y s t o l e  
p r ov ed  i n s i g n i f i c a n t  (F ( 1 , 2 ) < 1 . 0 ) ) .
C h o i c e  r e a c t i o n  t i m e s  were  a n a l y z e d  n e x t  w i t h  r e s p e c t  t o  
t h e  a l p h a  and c a r d i a c  c y c l e s .  The c h o i c e  r e a c t i o n  t i m e  d a t a  
a r e  l i s t e d  i n  T a b l e  6 a c r o s s  s u b j e c t s  a t  t h e  a l p h a  c y c l e  and 
and c a r d i a c  c y c l e  c o n d i t i o n s .  The o r i g i n a l  h y p o t h e s e s  had 
con ce r n e d  t h e  av e r a g e  o f  t he  i n i t i a l  t a r g e t  and n o n - i n i t i a l  
t a r g e t  s c o r e s ,  w h i c h  i s  t he  g r o s s  measu re  o f  c h o i c e  r e a c t i o n  
t i m e .  i n  t h e  a l p h a  c y c l e  c o m p a r i s o n s  w h i c h  had been p l a n n e d  
a c c o r d i n g  t o  t he  i n i t i a l  h y p o t h e s e s ,  n e i t h e r  t he  (PP v s .  NP) 
o r  t h e  (PZ v s .  NZ) c o m p a r i s o n s  w e re  s i g n i f i c a n t .  The F r a t i o  
i n  b o t h  case s  was l e s s  t han 1 . 0 .  Thus ,  j u s t  as i n  t h e  s i g n a l  
d e t e c t i o n  e x p e r i m e n t ,  t h e  h y p o t h e s i s  t h a t  t h e  a l p h a  c y c l e  wou ld
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have a s i g n i f i c a n t  e f f e c t  on c h o i c e  r e a c t i o n  t i m e s  was no t  
s u p p o r t e d .  A l s o ,  none o f  t h e  o a r d i a c  c y c l e  c o m p a r i s o n s  w e re  
s i g n i f i c a n t .  The F r a t i o s  f o r  t h e  (D v s .  S) , (D z e r o  c r o s s e s  
v s .  S z e r o  c r o s s e s ) , and t h e  (D peaks  v s .  t h e  S peaks)  w e re  
a l l  1 ess t ha n  1 . 0 .
S i n c e  a t a r g e t / n o n - t a r g e t  a l p h a  c y c l e  r e a c t i o n  t im e  e f f e c t  
had been o b s e r v e d  i n  t h e  s i g n a l  d e t e c t i o n  e x p e r i m e n t  and s i n c e  
an i n i t i a l  t a r g e t / n o n - i n i t i a  1 t a r g e t  a l p h a  c y c l e  p e r c e p t u a l  
e f f e c t  had been o b s e r v e d  i n  t h i s  t e m p o ra l  d i s c r i m i n a t i o n  
e x p e r i m e n t ,  p o s t  hoc a n a l y s e s  w e re  co n d u c te d  on t he  r e a c t i o n  
t i m e  d a t a  t o  che ck  f o r  a p o s s i b l e  i n i t i a l  t a r g e t / n o n - i n i t i a  1 
t a r g e t  e f f e c t  w i t h  r e s p e c t  t o  t h e  a l p h a  c y c l e .  What  was 
o b s e r v e d  was t h a t  t h e  i n i t i a l  t a r g e '  r e a c t i o n  t i m e s  w e r e  
s i g n i f i c a n t l y  f a s t e r  t h a n  th e  n o n - i n i t i a l  t a r g e t  r e a c t i o n  t i m e s  
(F ( 1 , 2 ) “ 5 1 • 1 1 ,  (p< -05 )  , - e t a - s q u a r e d - . 85) . T h i s  r e a c t i o n  t i m e
e f f e c t  was t h e n  a n a l y z e d  w i t h  r e s p e c t  t o  t h e  a l p h a  c y c l e .  I t  
was f o u n d  t o  be s i g n i f i c a n t  a t  t h e  a l p h a  c y c l e  2e r o  c r o s s e s  
(F 11 * 2 ) —9 1 3 * 2 5 ,  ( p < . 0 1 ) ,  e t a - s q u a r e d - . 3 6 ) ,  b u t  i t  was n o t
s i g n i f i c a n t  a t  t h e  a l p h a  c y c l e  n e g a t i v e  and p o s i t i v e  peaks  
(F ( 1 , 2 ) “ 1 0 . 0 9 ,  ( p > . 0 5 ) ) .  A l s o ,  t h e  c a r d i a c  c y c l e  had no
i n f l u e n c e  on t h i s  i n i t i a l  t a r g e t / n o n - i n i t i a  1 t a r g e t  e f f e c t  
w h i c h  had been o b s e r v e d  u n i q u e l y  a t  t h e  a l p h a  c y c l e  z e r o  
c r o s s e s  (F ( 1 , 2 ) < 1 . 0 ) .  F i g u r e  ' 7  summar i zes  t h e  a v e r a g e  
d i f f e r e n c e  i n  i n i t i a l  t a r g e t  and i n i t i a l  n o n - t a r g e t  r e a c t i o n  
t i m e s  a c r o s s  t h e  a l p h a  c y c l e  and c a r d i a c  c y c l e  phases .
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D i s c u s s i  on
S i n c e  t h e  i n i t i a l  t a r g e t  c a t e g o r i z a t i o n  e f f e c t  had n o t  
been p r e d i c t e d ,  i t  c e r t a i n l y  s h o u l d  be v ie w ed  w i t h  e x t re m e  
c a u t i o n  u n t i l  i t  i s  w e l l  r e p l i c a t e d .  However ,  a s p e c u l a t i v e  
e x p l a n a t i o n  can a t  l e a s t  be o f f e r e d  a t  p r e s e n t .  T h i s  
e x p l a n a t i o n  r u n s  as f o l l o w s .  I f  one i s  i n i t i a l l y  i n s t r u c t e d  t o  
p r e s s  t o  i n d i c a t e  one p e r c e p t i o n  ( f o r  exa m p l e ,  " c o n n e c t e d n e s s " )  
and n o t  p r e s s  t o  i n d i c a t e  t h e  o t h e r  p e r c e p t i o n  ( f o r  examp le ,  
" s e p a r a t e n e s s " ) ,  one m i g h t  d e v e l o p  t h e  h a b i t  o f  " s e a r c h i n g  f o r "  
t h e  p e r c e p t i o n  w h i c h  one was i n i t i a l l y  i n s t r u c t e d  t o  p re ss  on 
( t h e  i n i t i a l  t a r g e t  p e r c e p t i o n )  wheneve r  t h e  s t i m u l u s  i s  
p r e s e n t e d .  The n e u r a l  embod imen t  o f  t h i s  " s e a r c h i n g "  c o u l d  be 
a t e m p l a t e  m a t c h i n g  p r o c e s s ,  wh e re  t h e  t e m p l a t e  i s  a n e u r a l  
r e p r e s e n t a t i o n  o f  t h e  i n i t i a l  t a r g e t  p e r c e p t i o n .  The f u n c t i o n  
o f  t h i s  p r o c e s s  w o u ld  be t o  b e g i n  t o  e v a l u a t e  o r  c a t e g o r i z e  t h e  
s t i m u l u s .  The s u g g e s t i o n  i s  t h a t  t h e  o n s e t  o f  t h i s  t e m p l a t e  
m a t c h i n g  p r o c e s s  i s  n o t  d i r e c t l y  r e l a t e d  t o  s t i m u l u s  o n s e t ,  b u t  
i n s t e a d  i s  r e l a t e d  t o  c e r t a i n  d i s c r e t e  phases o f  c o r t i c a l
o p e r a t i o n  as r e f l e c t e d  by t h e  n e g a t i v e  and p o s i t i v e  peaks o f  
t h e  a l p h a  c y c l e .  f u r t h e r m o r e ,  t h e  s u g g e s t i o n  i s  t h a t  i t  i s  t h e  
i n t e r a c t i o n  be tween t h e  t i m e  c o u r s e  o f  t h e  t e m p l a t e  m a t c h i n g  
p r o c e s s  and t h e  t i m e  c o u r s e  o f  t h e  i n c o m in g  d a t a  t h a t  i s  a 
f a c t o r  i n  t e m p o r a l  d i s c r i m i n a t i o n  p e r f o r m a n c e .  T h a t  i s ,  i f  
i n c om in g  d a t a  match up i n  t i m e  w i t h  t h e  o n s e t  o f  t h e  t e m p l a t e
m a t c h i n g  p r o c e s s  (when s t i m u l i  a r e  p r e s e n t e d  a t  t h e  a l p h a  c y c l e
n e g a t i v e  and p o s i t i v e  p e a k s ) ,  t h e  s u g g e s t i o n  i s  t h a t  t he
" c o r r e l a t i o n "  a c r o s s  t i m e  w i l l  be g r e a t e r  and t h e  p r o b a b i l i t y
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t h a t  a match has o c c u r r e d  w i l l  a l s o  be g r e a t e r  t h a n  when 
i n c o m i n g  da ta  do  no t  ma t ch  up i n  t i m e  w i t h  t he  o n s e t  o f  t he  
t e m p l a t e  m a t c h i n g  p ro ce ss  (when s t i m u l i  a r e  p r e s e n t e d  a t  t he  
a l p h a  c y c l e  z e r o  c r o s s e s ) .  The e f f e c t  o f  such a p r o c e s s  wou ld  
be t h e  e f f e c t  w h i c h  was o b s e r v e d ;  t h e  i n i t i a l  t a r g e t  
c a t e g o r i z a t i o n  w o u l d  be made more o f t e n  a t  t h e  a l p h a  c y c l e  
n e g a t i v e  and p o s i t i v e  peak s .
The f a c t  t h a t  t h i s  i n i t i a l  t a r g e t  e f f e c t  was o n l y  ob se rv e d  
a t  d i a s t o l e  m i g h t  be e x p l a i n e d  as f o l l o w s .  Perhaps ,  a t  s y s t o l e  
t h e  e f f e c t  o f  t h e  b a r o r e c e p t o r s  on t h e  c o r t e x  c o u l d  be to
i n h i b i t  t he  t i m e  cou rs e  o f  t h e  i n p u t  d a t a  a n d / o r  t h e  t e m p l a t e  
m a t c h i n g  p r o c e s s .  I n  e i t h e r  ca s e ,  t h e  e f f e c t  c o u ld  be t o  a l t e r  
t h e  t em po ra l  i n t e r a c t i o n  be tween  t h e  i n p u t  d a t a  and t h i s
p r o p o s e d  t e m p l a t e  m a t c h i n g  p r o c e s s .  The end r e s u l t  o f  t h i s
c o u l d  be t h a t  i t  p r e v e n t e d  t h e  i n i t i a l  t a r g e t  p e r c e p t u a l  e f f e c t  
a t  s y s t o l e .
The f a i l u r e  t o  o b t a i n  a s i g n i f i c a n t  d i f f e r e n c e  i n  ave rage  
c h o i c e  r e a c t i o n  t i m e  be tw ee n  t he  s y s t o l i c  and d i a s t o l i c  a l ph a  
c y c l e  peak c o n d i t i o n s  o p p o s e s  the  r e s u l t s  o f  t h e  s i g n a l  
d e t e c t i o n  e x p e r i m e n t ,  as i t  f o u n d  t h a t  t h e r e  was a s i g n i f i c a n t  
c a r d i a c  c y c l e  e f f e c t  when t h e  a l p h a  c y c l e  n e g a t i v e  and p o s i t i v e  
pe ak s  were com pared  a c r o s s  t h e  c a r d i a c  c y c l e .  P e r h a p s ,  a 
r e a s o n  f o r  t h i s  f a i l u r e  t o  g e t  t h i s  same e f f e c t  i n  t h i s  
e x p e r i m e n t  i s  t h a t  t h e r e  w e r e  g r e a t e r  d i f f e r e n c e s  be tw ee n  the  
a v e r a g e  r e a c t i o n  t i m e s  o f  s u b j e c t s  i n  t h i s  e x p e r i m e n t .  Thus,  
b e c a u s e  o f  t h i s  g r e a t e r  v a r i a b i l i t y  a c r o s s  s u b j e c t s ,  t h e  e f f e c t  
o f  an y  c a r d i a c  c y c l e  b a r o r e c e p t o r  i n h i b i t i o n  on r e a c t i o n  t im e
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was n o t  u n i f o r m  a c r o s s  s u b j e c t s .
F i g u r e  7 s u g g e s t s  t h a t  t h e  i n i t i a l  t a r g e t / i n i t i a  1 
n o n - t a r g e t  r e a c t i o n  t i m e  e f f e c t  o b s e r v e d  i n  t h i s  e x p e r i m e n t  i s  
s i m i l a r  t o  t h e  t a r g e t / n o n - t a r g e t  e f f e c t  w h i c h  was o b s e r v e d  i n  
t h e  s i g n a l  d e t e c t i o n  e x p e r i m e n t  and w h i c h  i s  d e p i c t e d  i n  F i g u r e  
6 .  T h i s  r e l a t i o n s h i p  i s  as f o l l o w s .  I n  b o t h  e x p e r i m e n t s ,  t he  
c a t e g o r y  w h i c h  t h e  s u b j e c t  was ( a t  l e a s t  o r i g i n a l l y )  i n s t r u c t e d  
t o  i n d i c a t e  by mak i ng  a m o t o r  r e s p o n s e  was a s s o c i a t e d  w i t h  
f a s t e r  r e a c t i o n  t i m e s  t ha n  t h e  c a t e g o r y  w h i c h  t h e  s u b j e c t  was 
( a t  l e a s t  o r i g i n a l l y )  i n s t r u c t e d  t o  i n d i c a t e  by n o t  m ak i ng  a 
m o t o r  r e s p o n s e .  T h a t  i s ,  t h o s e  re s p o n s e s  w h ic h  w e r e  ( a t  l e a s t  
o r i g i n a l l y )  c o r r e c t  a r e  f a s t e r  t h a n  t h o s e  r es p on se s  w h i c h  we re  
( a t  l e a s t  o r i g i n a l l y )  i n c o r r e c t .  Beyond t h i s  a n a l o g y ,  a more 
o b v i o u s  a n a l o g y  i s  t h a t  i n  b o t h  e x p e r i m e n t s  t h i s  d i f f e r e n c e  i n  
r e a c t i o n  t i m e s  was o n l y  s i g n i f i c a n t  a t  t h e  a l p h a  c y c l e  z e r o  
c r o s s e s .  The same s p e c u l a t i v e  e x p l a n a t i o n  w h i c h  was g i v e n  f o r  
t h e  e f f e c t  i n  t h e  s i g n a l  d e t e c t i o n  e x p e r i m e n t  a l s o  a p p l i e s  t o  
t h e  e f f e c t  o b t a i n e d  i n  t h i s  e x p e r i m e n t .  T h i s  e x p l a n a t i o n  i s  
t h a t  t h e s e  o b s e r v a t i o n s  r e f l e c t  t h e  a c t i v i t y  o f  a p r o c e s s  w h ic h  
p r e f e r e n t i a l l y  s e l e c t s  t h o s e  r e s p o n s e s  w h i c h  we re  o r i g i n a l l y  
l e a r n e d  t o  be t h e  c o r r e c t  r e s p o n s e s  o v e r  t h o s e  r e s p o n s e s  w h ic h  
w e re  o r i g i n a l l y  l e a r n e d  t o  be t h e  i n c o r r e c t  r e s p o n s e s .  
F u r t h e r m o r e ,  t h i s  re sp on se  s e l e c t i o n  p r o c e s s  i s  p resumed t o  be 
a c c e s s e d  more e f f i c i e n t l y  when s t i m u l i  a r e  t im e  l o c k e d  t o  t h e  
a l p h a  c y c l e  z e r o  c r o s s e s .
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V I . GENERAL DISCUSSION
A p r i m a r y  go a l  o f  t h i s  d i s s e r t a t i o n  was t o  d e t e r m i n e  i f  
a u d i t o r y  p r o c e s s i n g  v a r i e s  as a f u n c t i o n  o f  t h e  a l p h a  c y c l e  and 
t h e  c a r d i a c  c y c l e .  T h r ou gh  two e x p e r i m e n t s ,  t h e  f i n d i n g  i s  
t h a t ,  b o t h  t h e  a l p h a  c y c l e  and t h e  c a r d i a c  c y c l e  a r e  h i g h l y  
c o r r e l a t e d  w i t h  a u d i t o r y  p r o c e s s i n g .  S i n c e  t h e  v i s u a l  m o d a l i t y  
had been emp loyed  i n  a l l  o f  t h e  p a s t  a l p h a  c y c l e  p e r fo r m a n c e  
e f f e c t  s t u d i e s  and i n  mos t  o f  t h e  p a s t  c a r d i a c  c y c l e  
p e r f o r m a n c e  e f f e c t  s t u d i e s ,  t h e  f a c t  t h a t  t h i s  s t u d y  employed 
a u d i t o r y  s t i m u l i  i s  e s p e c i a l l y  p e r t i n e n t .  A l l  o f  t h e  pa s t  
v i s u a l  p e r f o r m a n c e  e f f e c t s  c o u l d  have r e s u l t e d  f r om  the  
p h y s i o l o g i c a l  t r e m o r  o f  t h e  e y e s ,  i n s t e a d  o f  f r o m  c o r t i c a l  
p r o c e s s i n g  m ech an i sms .  T h i s  i s  be cau se  t h e  p h y s i o l o g i c a l  
t r e m o r  o f  t h e  ey e s  i s  c o n f o u n d e d  w i t h  t h e  a l p h a  c y c l e  (Bindman 
and L i p p o l d ,  1 9 8 1 ) .  w h i c h  i n  t u r n ,  i s  co n fo u n d e d  w i t h  t h e  
c a r d i a c  c y c l e .  S i n c e  t h i s  d i s s e r t a t i o n  r e s e a r c h  has 
d e m o n s t r a t e d  a u d i t o r y  p e r f o r m a n c e  d i f f e r e n c e s  a c r o s s  b o t h  t h e  
a l p h a  c y c l e  and t h e  c a r d i a c  c y c l e ,  i t  w o u ld  be d i f f i c u l t  t o  
m a i n t a i n  t h e  v i e w  t h a t  a l l  a l p h a  eye I e / c a r d : sc  c y c l e  e f f e c t s  
a r e  caused  a r t i f a c t u a 1 I y  by  r e t i n a l  d i s p a r i t y  c r e a t e d  by t h e  
p h y s i o l o g i c a l  t r e m o r  o f  t h e  e ye s .  I n s t e a d ,  s i n c e  t h e  a l p h a  
c y c l e  and t h e  c a r d i a c  c y c l e  a r e  now known t o  have an e f f e c t  on 
a u d i t o r y  a l o n g  w i t h  v i s u a l  p r o c e s s i n g ,  i t  w o u ld  seem more 
r e a s o n a b l e  t o  s u g g e s t  t h a t  t h e  cause i s  due t o  c o r t i c a l  l y  
r e l a t e d  p r o c e s s e s  w h i c h  a r e  t e m p o r a l l y  r e l a t e d  t o  t h e  a l p h a  and 
t h e  c a r d i a c  c y c l e s .
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The s p e c u l a t i v e  c o n c l u s i o n  can be made t h a t  t h e  t i m e  
c o u r s e s  o f  t h r e e  s t i m u  1u s - r e s p o n s e  p r o c e s s e s  a r e  r e l a t e d  t o  t h e  
phases o f  c o r t i c a l  o p e r a t i o n  w h i c h  a r e  r e f l e c t e d  by t h e  a l p h a  
and c a r d i a c  c y c l e s .  These p r o p o s e d  s t i m u l u s - r e s p o n s e  
p r o c e s s i n g  p r o c e s s s  a r e  l ) a n  i n p u t  s h u t t e r  p r o c e s s ,  2 ) a 
s t i m u l u s  e v a l u a t i o n  p r o c e s s ,  and 3 ) a r e s p o n s e  s e l e c t i o n  
p r o c e s s .  The e v i d e n c e  f r o m  t h i s  d i s s e r t a t i o n  w h i c h  r e l a t e s  t o  
t h e  n e u r o n i c  i n p u t  s h u t t e r  has t o  be c o n s i d e r e d  t h e  m a j o r  
f i n d i n g .  The rea son  i s  t h a t  t h i s  f i n d i n g  had been p r e d i c t e d  
and w o u ld  be e x p e c t e d  on t h e  b a s i s  o f  t he  p r e v i o u s  l i t e r a t u r e .  
The e v i d e n c e  w h ic h  r e l a t e s  t o  t h e  o t h e r  two p r o c e s s e s  has t o  be 
c o n s i d e r e d  t o  be o f  s e c o n d a ry  im p o r t a n c e  a t  p r e s e n t .  The 
r e a s o n  i s  t h a t  t h i s  e v i d e n c e  i s  based upon p o s t  hoc a n a l y s e s  
a f t e r  t h e  a p r i o r i  h y p o t h e s e s  a b o u t  t h e  a l p h a  c y c l e ' s  e f f e c t  on 
a p p a r e n t  s i m u l t a n e i t y  and a v e r a g e  r e a c t i o n  t i m e  w e re  n o t  
s u p p o r t e d .  A l s o ,  t h e r e  a r e  no s t u d i e s  f r o m  t h e  p a s t  l i t e r a t u r e  
w h i c h  w o u ld  have a n t i c i p a t e d  t h a t  t h e  t i m e  c o u r s e s  o f  s t i m u l u s  
e v a l u a t i o n  p r o c e s s i n g  and r e s p o n s e  s e l e c t i o n  p r o c e s s i n g  a r e  
r e l a t e d  t o  t h e  a l p h a  o r  t h e  c a r d i a c  c y c l e .  For  t h e s e  r e a s o n s ,  
t h e  s t a t e m e n t s  t h a t  t h i s  d i s s e r t a t i o n  makes a b o u t  t h e s e  two 
p r o c e s s e s  have t o  be c o n s i d e r e d  t o  be much more s p e c u l a t i v e  
t h a n  i t s  d i s c u s s i o n  o f  t h e  i n p u t  s h u t t e r  p r o c e s s .
A l l  t h r e e  o f  t h e s e  components  have been v ie w e d  by t h e  p a s t  
l i t e r a t u r e  as i n d e p e n d e n t  a s p e c t s  o f  s t i m u l u s - r e s p o n s e  
p r o c e s s i n g .  T h i s  d i s s e r t a t i o n  l e n d s  s u p p o r t  t o  t h i s  
c o n t e n t i o n ,  as i t  p r o v i d e s  e v i d e n c e  t h a t  each o f  t h e s e  
p r o c e s s i n g  components  has a u n i q u e  r e l a t i o n s h i p  w i t h  t h e  c y c l e s
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o f  c o r t i c a l  o p e r a t i o n  w h i c h  a r e  r e f l e c t e d  by t h e  a l p h a  c y c l e  
and t h e  c a r d i a c  c y c l e .  The e v i d e n c e .  b o t h  f r o m  t h e  p a s t  
l i t e r a t u r e  and f r o m  t h i s  d i s s e r t a t i o n ,  f o r  t h e  e x i s t e n c e  and 
i ndep en de nce  o f  each o f  t h e s e  p r o c e s s i n g  components  w i l l  be 
r e v i e w e d .
Ha i o r  F i nd i nqs
The I n o u t  S h u t t e r  P roc es s
The p r i m a r y  f i n d i n g  r e g a r d i n g  t h e  i n p u t  s h u t t e r  was 
summar ized  i n  t h e  p o s t  hoc c om p a r i s o n s  d e p i c t e d  i n  F i g u r e  5 . 
T h a t  f i g u r e  i n d i c a t e s  t h a t  s t i m u l u s  d e t e c t i b i 1 i t y  v a r i e s  w i t h  
t h e  phase o f  t h e  a l p h a  c y c l e ,  as t ho ugh  t h e  a l p h a  c y c l e  a c t s  
l i k e  an i n p u t  s h u t t e r  w h i c h  p a r t i a l l y  p r e v e n t s  t h e  f l o w  o f  
s e n s o r y  i n f o r m a t i o n  i n t o  t h e  c o r t e x .  D e t e c t i b i 1 i t y  i s  g r e a t e r  
a t  t h e  n e g a t i v e  a l p h a  c y c l e  peaks  as compared t o  t he  p o s i t i v e  
a l p h a  c y c l e  p e a k s .  A l s o ,  t h i s  i n p u t  s h u t t e r  i s  m o d u l a t e d  by 
t h e  phase o f  t h e  c a r d i a c  c y c l e ,  as i t  i s  p a r t i a l l y  c l o s e d  f o r  a 
l o n g e r  p e r i o d  o f  t i m e  a t  c a r o t i d  s y s t o l e  compared t o  c a r o t i d  
d i as t o  I e .
The f i n d i n g  t h a t  a u d i t o r y  s t i m u l u s  d e t e c t i b i I i t y  v a r i e s  as 
a f u n c t i o n  o f  t h e  a l p h a  c y c l e  c l a r i f i e s  t h e  V e l d e n  and J u r i s  
(197^)  s t u d y .  A c r o s s  f o u r  s u b j e c t s ,  t h e y  f o u n d  a s i g n i f i c a n t  
f l u c t u a t i o n  i n  a u d i t o r y  d e t e c t i b i 1 i t y  a t  t h e  f r e q u e n c y  o f  t he  
a l p h a  r h y t h m  and l o c k e d  i n  phase t o  c a r o t i d  s y s t o l e .  
U n f o r t u n a t e l y ,  s i n c e  V e l de n  and J u r i s  d i d  n o t  measu re  t h e  a l p h a  
r hy t hm  d i r e c t l y ,  t h e i r  f i n d i n g s  c o u l d  a l s o  n o t  be d i r e c t l y  
r e l a t e d  t o  t h e  a l p h a  r h y t h m .  The p r e s e n t  s t u d y  n o t  o n l y
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r e p l i c a t e d  t h e  V e l d e n  and J u r i s  f i n d i n g  o f  a c y c l i c a l  
p e r f o r m a n c e  e f f e c t  i n  t h e  a l p h a  f r e q u e n c y  ra ng e  l o c k e d  i n  phase 
t o  c a r o t i d  s y s t o l e ,  b u t  i t  has  a l s o  been a b l e  t o  p r o v i d e  
s u p p o r t  f o r  t h e  n o t i o n  t h a t  t h i s  e f f e c t  i s  t r u l y  r e l a t e d  t o  t h e  
a l p h a  c y c l e .  When t h e  Ve lde n  and J u r i s  s t u d y  and t h i s  p r e s e n t  
s t u d y  a r e  c om b i ne d ,  one can c o n c l u d e  t h a t  t h e r e  i s  now e v i d e n c e  
f r o m  seven  s u b j e c t s  t o  s u g ge s t  t h a t  t h e  a l p h a  r hy t hm  has an'  
e f f e c t  on a u d i t o r y  s i g n a l  d e t e c t i o n  p e r f o r m a n c e  a c r o s s  t h e  
c a r d i a c  c y c l e .
An e x p l a n a t i o n  f o r  t h i s  a l p h a  c y c l e  i n p u t  s h u t t e r  p r o c e s s  
appe a rs  t o  be f o u n d  i n  t h e  L i n d s l e y  ( 1961) t h e o r y  o f  a l p h a  
e x c i t a b i l i t y  c y c l e s .  One o n l y  has t o  assume t h a t  a u d i t o r y  
i n f o r m a t i o n  p r e s e n t e d  a t  t h e  T5 n e g a t i v e  a l p h a  c y c l e  peak 
r ea che s  t h e  a u d i t o r y  c o r t e x  a t  a more e x c i t a b l e  phase  o f  
p r o c e s s i n g .  T h i s  i s  r e f l e c t e d  by f e w e r  p r o c e s s i n g  e r r o r s  as 
compared t o  i n f o r m a t i o n  p r e s e n t e d  a t  t h e  p o s i t i v e  a l p h a  c y c l e  
phase .
The r e l a t i v e  c l o s i n g  o f  t h e  i n p u t  s h u t t e r  a t  s y s t o l e  can 
be e x p l a i n e d  by as su m in g  t h a t  g r e a t e r  i n h i b i t o r y  a c t i v i t y ,  
p r e su m e ab ly  f r o m  t h e  b a r o r e c e p t o r s , i s  e x e r t e d  on t h e  c o r t e x  a t  
c a r o t i d  s y s t o l e  as compared t o  d i a s t o l e  and t h i s  i s  i n  s u p p o r t  
o f  t he  Lacey  h y p o t h e s i s .  R e g a r d l e s s  o f  t h e  e x a c t  n e u r a l  
mechanism, '  i t  s h o u l d  be e m p h a s i ze d  t h a t  t h i s  c a r d i a c  c y c l e  
p e r f o r m a n c e  e f f e c t  co n v e rg e s  w i t h  two v e r y  r e c e n t  p u r e l y  
e 1e c t r o p h y s i o l o g i c a 1 c a r d i a c  c y c l e  e f f e c t s .  F i r s t  o f  a i l ,  
W a l k e r  and W a l ke r  <1983) o b s e r v e d  t h a t  t h e  s c a l p  r e c o r d e d  EEG 
i n  human s u b j e c t s  had s i g n i f i c a n t l y  more e n e r g y  i n  t h e  l o we r
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f r e q u e n c i e s  (4 - 7  Hz . )  a t  c a r o t i d  s y s t o l e  i n  c o m p a r i s o n  t o  
c a r o t i d  d i a s t o l e .  They p o i n t e d  t o  t h e  a n a l o g y  be tween t h i s  
r e s u l t  and t h e  f i n d i n g  o f  B o n v a l l e t  e t  a l .  ( 1 9 5 4 ) ,  who had 
shown t h a t  b a r o r e c e p t o r  d i s c h a r g e  r e s u l t e d  i n  a s l o w i n g  o f  
f r e q u e n c i e s  w i t h i n  t h e  e l e c t r o c o r t i c o g r a m  in  a n i m a l s .  A second 
v e r y  r e c e n t  e l e c t r o p h y s i o l o g i c a )  c a r d i a c  c y c l e  e f f e c t  was 
r e p o r t e d  by Sandman ( 1 9 8 4 ) .  He o b s e r v e d  t h a t  t h e  a u d i t o r y  
ev oked  r e s p o n s e  was r e l a t i v e l y  i n h i b i t e d  a t  c a r o t i d  s y s t o l e  as 
compared t o  c a r o t i d  d i a s t o l e .  Bo th  o f  t h e s e  r e c e n t  
e 1e c t r o p h y s i o l o g i c a 1 f i n d i n g s  c e r t a i n l y  su g g e s te d  t h a t  
p e r f o r m a n c e  s h o u l d  be p o o r e r  a t  s y s t o l e  compared t o  d i a s t o l e .  
T h i s  d i s s e r t a t i o n  has s u p p o r t e d  t h e s e  s u g g e s t i o n s .
T h i s  v i e w  o f  t h e  a l p h a  c y c l e  i n p u t  s h u t t e r  b e i n g  m o d u l a t e d  
by b a r o r e c e p t o r  i n h i b i t i o n  £ t  s y s t o l e  a l s o  a c c o u n t s  f o r  t h e  
r e s u l t s  o f  t h o s e  e x p e r i m e n t s  w h i c h  l o o k e d  a t  p e r f o r m a n c e  a c r o s s  
s y s t o l e  and d i a s t o l e  and f o u n d  no s i g n i f i c a n t  e f f e c t  ( E l l i o t  
and G r a f ,  1972;  D e l f i n i  and Campos, 1972;  T oon ,  B e r g e l ,  and 
J o h n s t o n ,  1 9 8 4 ) .  What  a l l  t h r e e  o f  t h e s e  e x p e r i m e n t s  have i n  
common i s  t h a t  t h e y  a l l  i n v o k e d  p r o c e d u r e s  w h i c h  b l o c k  t h e  
a l p h a  r h y t h m  and a r o u s e  t h e  c o r t e x  i n t o  t h e  more  d e s y n c h r o n i z e d  
a c t i v i t y .  A p p a r e n t l y ,  t h e  a l p h a  s t a t e  i s  r e q u i r e d  t o  be a b l e  
t o  show a c a r d i a c  c y c l e  p e r f o r m a n c e  e f f e c t .  T h i s  i m p l i e s  t h a t  
t h e  b a r o r e c e p t o r  i n h i b i t i o n  mechan ism has a s i g n i f i c a n t  e f f e c t  
o n l y  when t h e  c o r t e x  i s  n o t  a r o u s e d .
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As L i n d s l e y  {1961) had s u g g e s t e d ,  t h e  f u n c t i o n  o f  t h i s  
i n p u t  s h u t t e r  p r o c e s s  c o u l d  be t o  p r e v e n t  t h e  c o r t e x  f r o m  b e i n g  
c o n t i n u o u s l y  bombarded w i t h  i n p u t  i n f o r m a t i o n .  Such a p r o c e s s  
w o u ld  be e s p e c i a l l y  p e r t i n e n t  d u r i n g  t h e  r e s t i n g  a l p h a  s t a t e ,  
as  t h i s  i s  t h e  s t a t e  p r i o r  t o  t h e  o n s e t  o f  s l e e p .  T h i s  i n p u t  
s h u t t e r  p r o c e s s  w o u ld  f u n c t i o n  t o  a t t e n u a t e  any i n p u t  
i n f o r m a t i o n  i n t o  t h e  c o r t e x  and t h u s  p a r t i a l l y  p r e v e n t  t h e  
c o r t e x  f r o m  b e i n g  a ro us e d  f r o m  t h e  r e l a x e d  s t a t e .
S eco nd a ry  F i nd i nqs
The S t i m u l u s  Eva 1u a t i o n  P roc es s
The mo s t  s u r p r i s i n g  r e s u l t  i n  t h i s  d i s s e r t a t i o n  r e s e a r c h  
was t h a t  t h e  i n i t i a l  t a r g e t  c a t e g o r y  i n  t h e  t em po r a l  
d i s c r i m i n a t i o n  e x p e r i m e n t  was r e p o r t e d  more o f t e n  a t  d i a s t o l e  
when t h e  s t i m u l u s  was p r e s e n t e d  a t  t h e  a l p h a  c y c l e  n e g a t i v e  and 
p o s i t i v e  a l p h a  c y c l e  peaks  as compared  t o  t h e  a l p h a  c y c l e  z e r o  
c r o s s e s .  T h i s  r e s u l t  w e n t  c o m p l e t e l y  a g a i n s t  t h e  p r e d i c t i o n  
t h a t  t h e  j u d g e m e n t  o f  " s e p a r a t e n e s s "  w o u ld  v a r y  w i t h  t h e  phase 
o f  t h e  a l p h a  c y c l e .  T h u s ,  t h i s  d i s s e r t a t i o n  f a i l e d  t o  f i n d  
s u p p o r t  f o r  t h e  i d ea  t h a t  t h e  a l p h a  c y c l e  r e f l e c t s  a t e m p o r a l  
i n t e g r a t i o n  p e r i o d  f o r  a u d i t o r y  p r o c e s s i n g .  T h i s  f i n d i n g  w i t h  
r e s p e c t  t o  a u d i t o r y  p r o c e s s i n g  i s  a p p a r e n t l y  opposed t o  t h e  
V a r e l a  e t  a l . (19 8 1) f i n d i n g  r e g a r d i n g  v i s u a l  p r o c e s s i n g .
W h i l e  t h i s  i n i t i a l  t a r g e t  c a t e g o r y  r e s u l t  s h o u l d  be w e l l  
r e p l i c a t e d  b e f o r e  i t  i s  c o n s i d e r e d  v a l i d ,  i t  does a t  l e a s t  
s u g g e s t  a s p e c u l a t i v e  e x p l a n a t i o n .  T h i s  e x p l a n a t i o n  assumes 
t h a t  t h e  o n s e t  o f  a t e m p l a t e  m a t c h i n g  p r o c e s s  i s  l o c k e d  i n  t i m e
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t o  t h e  a l p h a  c y c l e  n e g a t i v e  and p o s i t i v e  peaks  r a t h e r  t ha n  
b e i n g  l o c k e d  i n  t im e  t o  s t i m u l u s  o n s e t .  I t  assumes t h a t  t h i s  
t e m p l a t e  i s  a n e u r a l  r e p r e s e n t a t i o n  o f  t h e  i n i t i a l  t a r g e t  
p e r c e p t i o n .  I t  i s  t h e  match  be tween  t h e  t i m e  c o u r s e s  o f  t h e
i n p u t  d a t a  and t h e  i n i t i a l  t a r g e t  t e m p l a t e  w h i c h  i s  assumed t o  
be t h e  b a s i s  o f  t h i s  f i n d i n g  o f  s i g n i f i c a n t l y  more i n i t i a l  
t a r g e t  j u d g m e n t s  a t  t he  a l p h a  c y c l e  n e g a t i v e  and p o s i t i v e  
pea ks .  On t h e  o t h e r  ha nd ,  t h e  m is m a tc h  be tween  t h e  t i m e
c o u r s e s  o f  t he  t e m p l a t e  and t h e  i n p u t  d a t a  i s  assumed t o  be t h e  
b a s i s  o f  f e w e r  i n i t i a l  t a r g e t  j u d g m e n t s  a t  t he  a i p h a  c y c l e  z e r o  
c r o s s e s .  The l a c k  o f  an e f f e c t  a t  c a r o t i d  s y s t o l e  i s  
p r e s u m e a b l y  due t o  an a l t e r e d  t i m e  r e l a t i o n s h i p  a t  s y s t o l e
be tween  t h e  t im e  c o u r s e  o f  t h e  i n p u t  d a t a  and t h e  t e m p l a t e  
m a t c h i n g  p r o c e s s  compared t o  d i a s t o l e .  In s u p p o r t  o f  t h i s  l a s t  
p r e s u m p t i o n ,  i t  has been r e p o r t e d  t h a t  two o f  t h e  components  o f  
t h e  a u d i t o r y  evo ked  p o t e n t i a l  ( t h e  PI  and t h e  P3 componen ts )  
a r e  d e l a y e d  a t  s y s t o l e  r e l a t i v e  t o  d i a s t o l e  (Sandman,  198k ) .
T h i s  t e m p l a t e  m a t c h i n g  p r o c e s s  p r o p o s e d  h e r e  s h o u l d  be 
c o n s i d e r e d  t o  be a p a r t  o f  t h e  p r o c e s s  w h i c h  f u n c t i o n s  t o  
e v a l u a t e  o r  c a t e g o r i z e  t h e  s t i m u l u s .  A c c o r d i n g  t o  one c u r r e n t  
model  (C o le s ,  G r a t t o n ,  B a s h o r e ,  E r i k s e n ,  and D o n c h in ;  19 85 ) ,  
t h e  s t i m u l u s  e v a l u a t i o n  p r o c e s s  i s  i n d e p e n d e n t  f r o m  a p r o c e s s  
w h i c h  f u n c t i o n s  t o  s e l e c t  t h e  a p p r o p r i a t e  r e s p o n s e .  The m a j o r  
e v i d e n c e  w h ic h  C o le s  e t  a l .  (1985) use  t o  s u g g e s t  t h a t  
s t i m u l u s  e v a l u a t i o n  p r o c e s s i n g  i s  i n d e p e n d e n t  f r o m  r e s p o n s e  
s e l e c t i o n  p r o c e s s i n g  i s  t h e  f o l l o w i n g .  The l a t e n c y  o f  t h e  P3 
component  o f  t h e  evoked r e s p o n s e  i s  p r o l o n g e d  by  e x p e r i m e n t a l
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m a n i p u l a t i o n s  w h i c h  make s t i m u l u s  e v a l u a t i o n  more d i f f i c u l t ,  
l i k e  t h e  a d d i t i o n  o f  n o i s e  t o  t h e  s t i m u l u s  (M cC ar thy  and 
D o n c h in ,  19 8 1 ) .  On t h e  o t h e r  hand ,  t h e  l a t e n c y  o f  t h e  P3 
w av e fo rm  i s  n o t  a f f e c t e d  by e x p e r i m e n t a l  m a n i p u l a t i o n s  w h i c h  
make r e s p o n s e  s e l e c t i o n  p r o c e s s i n g  more d i f f i c u l t ,  such  as 
v a r y i n g  t h e  i n s t r u c t i o n s  r e g a r d i n g  w h ic h  hand s h o u l d  be used i n  
a r e a c t i o n  t i m e  t a s k  (McCar thy  and D o n c h in ,  1981) .  Bo th  o f  
t h e s e  e x p e r i m e n t a l  m a n i p u l a t i o n s  do s l o w  r e a c t i o n  t i m e s .  Y e t ,  
s i n c e  t h e  P3 wa ve fo rm  i s  n o t  s l ow ed  by t h e  l a t t e r  m a n i p u l a t i o n ,  
w h i c h  a l s o  w o u ld  n o t  seem t o  a f f e c t  s t i m u l u s  e v a l u a t i o n  bu t  
w o u ld  a f f e c t  r e sp on s e  s e l e c t i o n ,  i t  has become g e n e r a l l y  
a c c e p t e d  t h a t  t h e  l a t e n c y  o f  t h e  P3 wa v e f o r m  r e f l e c t s  t h e  
l a t e n c y  o f  t h e  s t i m u l u s  e v a l u a t i o n  p r o c e s s .  Because P3 l a t e n c y  
i s  t a k e n  t o  be a m a r k e r  f o r  s t i m u l u s  e v a l u a t i o n  t i m e  and 
becau se  i t  i s  i n d e p e n d e n t  f r o m  r e a c t i o n  t i m e  i n  t a s k s  w h i c h  
make r e s p o n s e  s e l e c t i o n  more d i f f i c u l t .  Co les  e t  a l . (1985)
s u g g e s t  t h a t  s t i m u l u s  e v a l u a t i o n  p r o c e s s i n g  i s  i n d e p e n d e n t  f r o m  
r e s p o n s e  s e l e c t i o n  p r o c e s s i n g .
The r e s u l t s  o f  t h i s  d i s s e r t a t i o n  m i g h t  a l s o  be v i e w e d  as 
s u p p o r t i n g  t h e  i dea  t h a t  s t i m u l u s  e v a l u a t i o n  p r o c e s s i n g  i s  
i n d e p e n d e n t  f r o m  re s p on se  s e l e c t i o n  p r o c e s s i n g .  The re a s o n  i s  
t h a t  i t  c o u l d  be a r g u e d  t h a t  each o f  t h e s e  p r o c e s s i n g  
componen ts  i s  o p t i m i z e d  a t  a d i f f e r e n t  phase o f  c o r t i c a l  
o p e r a t i o n .  The e v i d e n c e  r e v i e w e d  i n  t h i s  s e c t i o n  m i g h t  be 
ta k e n  t o  s u g g e s t  t h a t  t h e  t e m p l a t e  m a t c h i n g  component  o f  
s t i m u l u s  e v a l u a t i o n  p r o c e s s i n g  i s  o p t i m i z e d  when s t i m u l i  a r e  
t i m e  l o c k e d  t o  t h e  n e g a t i v e  and p o s i t i v e  peaks  o f  t h e  a l p h a
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c y c l e .  The e v i d e n c e  t o  be r e v i e w e d  i n  t h e  n e x t  s e c t i o n  m i g h t  
be v i e w e d  t o  s u g g e s t  t h a t  r e sp o n se  s e l e c t i o n  p r o c e s s i n g  i s  
o p t i m i z e d  when s t i m u l i  a r e  p r e s e n t e d  a t  t h e  a l p h a  c y c l e  z e r o  
c r o s s e s .
The  Response S e l e c t i o n  P roce ss
The p r i m a r y  r e a c t i o n  t i m e  e f f e c t  w h i c h  we n t  a c r o s s  b o t h  
e x p e r i m e n t s  was t h a t  t h e  t a r g e t  (o r  i n i t i a l  t a r g e t )  r e a c t i o n  
t i m e s  were  s i g n i f i c a n t l y  f a s t e r  t h a n  th e  n o n - t a r g e t  ( o r  i n i t i a l  
n o n - t a r g e t )  r e a c t i o n  t im e s  a t  t h e  a l p h a  c y c l e  z e r o  c r o s s e s ,  b u t  
t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  a t  t h e  a l p h a  c y c l e  n e g a t i v e  
and p o s i t i v e  p e a k s .  T h a t  i s ,  i n  b o t h  e x p e r i m e n t s  t h e  res p on s es  
w h i c h  w e r e ,  a t  l e a s t  i n i t i a l l y ,  c o r r e c t  we re  f a s t e r  t h a n  t h o s e  
re s p o n s e s  w h i c h  we r e ,  a t  l e a s t  i n i t i a l l y ,  i n c o r r e c t  and t h i s  
d i f f e r e n c e  was o n l y  s i g n i f i c a n t  when s t i m u l i  were t i m e  l o c ke d  
t o  t h e  a l p h a  c y c l e  ze r o  c r o s s e s .  S i n c e  t h i s  p a t t e r n  o f  r e s u l t s  
has n e v e r  been r e p o r t e d  i n  t h e  l i t e r a t u r e  b e f o r e ,  t h e s e  r e s u l t s  
need t o  be r e p l i c a t e d  b e f o r e  t h e y  can be c o n s i d e r e d  r e l i a b l e .
However ,  a s p e c u l a t i v e  e x p l a n a t i o n  can be o f f e r e d  a t  
p r e s e n t .  T h i s  e x p l a n a t i o n  assumes t h a t  t h e s e  r e s u l t s  r e f l e c t  a 
p r o c e s s  w h ic h  p r e f e r e n t i a l l y  s e l e c t s  r e s p o n s e s  w h ic h  hav e  been 
o r i g i n a l l y  l e a r n e d  as c o r r e c t  o v e r  re s p o n s e s  w h i c h  have been 
o r i g i n a l l y  l e a r n e d  as i n c o r r e c t .  I t  s u g g e s t s  t h a t  t h i s  
r e s p o n s e  s e l e c t i o n  p r o c e s s  i s  o p t i m i z e d  when s t i m u l i  a r e  
p r e s e n t e d  a t  t h e  a l ph a  c y c l e  z e r o  c r o s s e s .  A p o s s i b l e  re as on  
f o r  t h i s  a l p h a  c y c l e  z e r o  c r o s s  e f f e c t  i s  t h a t  t h e  o n s e t  o f  
t h i s  re sp on se  s e l e c t i o n  p r o c e s s  c o u l d  be t i m e  l o c k e d  t o  c e r t a i n
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d i s c r e t e  phases o f  c o r t i c a l  o p e r a t i o n ,  r a t h e r  t h a n  b e i n g  t i m e  
l o c k e d  t o  s t i m u l u s  o n s e t .  Thu s ,  when d a t a - a r e  p r e s e n t e d  a t  t h e  
a l p h a  c y c l e  z e r o  c r o s s e s ,  t h e y  c o u l d  be a r r i v i n g  a t  t h e  n e u r a l  
l o c a t i o n ( s )  o f  r e s p o n s e  s e l e c t i o n  p r o c e s s i n g  so t h a t  t h e y  a r e  
i n  phase w i t h  t h e  o n s e t  o f  t h a t  p r o c e s s i n g  and a r e  h a n d le d  
o p t i m a l l y .  On t h e  o t h e r  hand ,  when d a t a  a r e  p r e s e n t e d  a t  t h e  
a l p h a  c y c l e  n e g a t i v e  and p o s i t i v e  pe ak s ,  t h e  s u g g e s t i o n  i s  t h a t  
t h e  o n s e t  o f  t h e  r e s p o n s e  s e l e c t i o n  p r o c e s s  i s  o u t  o f  phase 
w i t h  t h e  a r r i v a l  o f  t h e s e  d a t a  and such d a t a  a r e  n o t  ha n d le d  as 
o p t  im a 11y .
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VI I . CONCLUSION
The m a j o r  c o n c l u s i o n  o f  t h i s  d i s s e r t a t i o n  i s  t h a t  t h e
te m p o r a l  o r g a n i z a t i o n  o f  c o r t i c a l  p r o c e s s i n g  i s  h i g h l y  
c o r r e l a t e d  w i t h  t h e  a l p h a  and c a r d i a c  c y c l e s .  In t h i s
r e l a t i o n s h i p ,  t h e  c a r d i a c  c y c l e  p o s s i b l y  s e r v e s  as t h e  b a s i c
b e a t  i n t e r v a l  w i t h i n  w h i c h  t h e  a l p h a  rh y t h m  i s  t e m p o r a l l y  
o r g a n i z e d .  I n  t h i s  r e l a t i o n s h i p ,  t h e  a l p h a  r h y t h m  may r e f l e c t  
t he  o n g o i n g  r h y t h m  o f  c o r t i c a l  o p e r a t i o n .  T h i s  c o r t i c a l
o p e r a t i o n  i s  i n h i b i t e d  once d u r i n g  each c a r d i a c  c y c l e  by  a 
mechan ism o r i g i n a t i n g  w i t h  t he  a c t i v i t y  o f  t h e  b a r o r e c e p t o r s .
When s t i m u l i  a r e  p r e s e n t e d  s y s t e m a t i c a l l y  w i t h  r e s p e c t  t o  
t he  a l p h a  c y c l e  and t h e  c a r d i a c  c y c l e ,  p s y c h o p h y s i c a l
p e r f o r m a n c e  a l s o  v a r i e s  s y s t e m a t i c a l l y .  S p e c i f i c  p e r f o r m a n c e  
e f f e c t s  l i k e  r e l a t i v e l y  poo r  d e t e c t i b i 1 i t y  p e r f o r m a n c e ,  o r  a 
d i f f e r e n c e  i n  t a r g e t  and n o n - t a r g e t  r e a c t i o n  t i m e s ,  a r e  
o b s e r v e d  a t  s p e c i f i c  phases  o f  t h e  a l p h a  c y c l e  and t h e  c a r d i a c  
c y c l e .  These e f f e c t s  can  be e x p l a i n e d  by ass um in g  t h a t  t h e
o n s e t s  o f  t h e  components  o f  s t i m u l u s - r e s p o n s e  p r o c e s s i n g  a r e  
t im e  l o c k e d  t o  d i s c r e t e  phases o f  c o r t i c a l  o p e r a t i o n ,  r a t h e r
than  b e i n g  t i m e  l o c k e d  t o  s t i m u l u s  o n s e t .  The i m p l i c a t i o n  i s
t h a t  t h e s e  p r o c e s s i n g  componen ts  a r e  o n l y  acce ssed  a t  d i s c r e t e  
and r h y t h m i c  i n t e r v a l s  d u r i n g  o n g o i n g  c o r t i c a l  o p e r a t i o n .
T h i s  v i e w  o f  r h y t h m  as b e i n g  b a s i c  t o  t h e  t e m p o r a l  
o r g a n i z a t i o n  o f  c o r t i c a l  p r o c e s s i n g  i s  c e r t a i n l y  no t  a new 
id e a .  I n  t h e  h i s t o r y  o f  n e u r o p s y c h o l o g y ,  t he  mos t  f amous  
s t a t e m e n t  o f  t h i s  v i e w  was p r o b a b l y  g i v e n  by K a r l  L a s h l e y  i n
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h i s  c l a s s i c a l  pa pe r  The P r o b 1em o f  Ser  i a 1 O rde r  i n Behav i  o r  . 
I n  t h a t  p a p e r ,  L a s h l e y  a rg ue d  t h a t  a l l  o f  c o r t i c a l  p r o c e s s i n g ,  
w h e t h e r  i t  be s e n s o r y ,  m o t o r ,  c o g n i t i v e ,  o r  l i n g u i s t i c ,  i s  
go v e r n e d  by  a mechan i sm w h i c h  manda tes  t h a t  a c e r t a i n  r h y t h m i c  
o r d e r  w i l l  e x i s t  a c r o s s  t i m e .  T h i s  mechan ism was seen t o  be 
t h e  r e s o n a n c e  among t h e  many and v a s t l y  com p l ex  
s p a t i a  1- t e m p o r a l  a c t i v i t y  p a t t e r n s  w i t h i n  t h e  c o r t e x .  He 
s u g g e s t e d  t h a t  t h i s  re s o n a n c e  w o u ld  n o t  a l l o w  a random o r  
c h a o t i c  s i t u a t i o n  t o  e x i s t  a c r o s s  t i m e .  I n s t e a d ,  i t  wo u l d  
s u p e r i m p o s e  s p a t i a l  and t e m p o r a l  c o n s t r a i n t s  on t h e  sys tem 
w h i c h  w o u ld  be r e f l e c t e d  i n  t h e  f o rm  o f  r h y t h m i c  o r d e r  a c r o s s  
t i m e .  I n  t h a t  p a p e r ,  L a s h l e y  s t a t e d :
C o n s i d e r a t i o n  o f  r h y t h m i c  a c t i v i t y  . . .  
f o r c e s  t h e  c o n c l u s i o n ,  I b e l i e v e ,  t h a t  t h e r e  
e x i s t  i n  t h e  ne r v o u s  o r g a n i z a t i o n ,  e l a b o r a t e  
s y s t e m s  o f  i n t e r r e l a t e d  n e u r o ns  c a p a b l e  o f  
i m p o s in g  c e r t a i n  t y p e s  o f  i n t e g r a t i o n  upon a 
l a r g e  number o f  w i d e l y  spaced  e f f e c t o r  
e l e m e n t s !  i n  t h e  one  case  t r a n s m i t t i n g  
t e m p o r a l l y  spaced  waves o f  f a c i l i t a t i v e  
e x c i t a t i o n  t o  a l l  e f f e c t o r  e l e m e n t s ;  i n  t h e  
o t h e r  i m p a r t i n g  a d i r e c t i o n a l  p o l a r i z a t i o n  t o  
b o t h  r e c e p t o r  and e f f e c t o r  e l e m e n t s .  These 
s y s t e m s  a r e  i n  c o n s t a n t  a c t i o n .  They f o r m  a 
s o r t  o f  s u b s t r a t u m  upon w h i c h  o t h e r  a c t i v i t y  
i s  b u i l t .  They c o n t r i b u t e  t o  e v e r y  
p e r c e p t i o n  and t o  e v e r y  i n t e g r a t e d  movement .
T h i s  d i s s e r t a t i o n  has s u p p o r t e d  Lash l e y ' s  v i e w  o f  t h e  
c o r t e x ,  as  i t  p r o v i d e s  e v i d e n c e  t o  s u g g e s t  t h a t  s e n s o r y ,  
p e r c e p t u a l ,  and m o t o r  p r o c e s s i n g  a r e  a l l  i n f l u e n c e d  by t h e  
o n g o i n g  c o r t i c a l  r h y t h m .  I t  has s u g g e s t e d  t h a t  t h e  c o r t e x  
p r o c e s s e s  i n f o r m a t i o n  mos t  e f f i c i e n t l y  when i n c om in g  
i n f o r m a t i o n  i s  s y n c h r o n i z e d  w i t h  i t s  n a t u r a l  p r o c e s s i n g
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r h y t h m s .  The m a j o r  i m p l i c a t i o n  o f  t h i s  d i s s e r t a t i o n  i s  t h a t  
t h e s e  n a t u r a l  c o r t i c a l  p r o c e s s i n g  r hy th m s  m i g h t  now be s t u d i e d  
f r o m  t he  p e r s p e c t i v e  o f  t h e  a l p h a  c y c l e  and t h e  c a r d i a c  c y c l e .
T h e r e  a r e  many l i m i t a t i o n s  t o  t h i s  a l p h a  c y c l e / c a r d i a c  
c y c l e  m e t h o d ;  t h e  mos t  o b v i o u s  b e i n g  t h a t  i t  does  n o t  a p p l y  a t  
a l l  t o  t h e  measu rement  o f  c o r t i c a l  r hy th m s  d u r i n g  t h e  l ow er  
a m p l i t u d e  d e s y n c h r o n i z e d  wa ve s .  I f  one b e l i e v e s  L a s h l e y ,  t h e r e  
i s  good r e a s o n  t o  b e l i e v e  t h a t  r h y t h m i c  o r d e r  a l s o  e x i s t s  i n  
c o r t i c a l  p r o c e s s i n g  when l o w e r  a m p l i t u d e  d e s y n c h r o n i z e d  waves 
a r e  p r e s e n t .  However ,  because o f  t h e  comp lex and p o l y r h y t h m i c  
n a t u r e  o f  t h e  l o w e r  a m p l i t u d e  d e s y n c h r o n i z e d  wave s i g n a l ,  
p r e s e n t  t e c h n o l o g y  o f f e r s  no c o n c e i v a b l e  way o f  m e a s u r i n g  such 
r h y t h m i c  o r d e r .  G i v e n  t h i s  l i m i t a t i o n ,  t h e  a l p h a  c y c l e / c a r d i a c  
c y c l e  method  emp loyed  i n  t h i s  d i s s e r t a t i o n  m i g h t  p r o v i d e  a 
u n i q u e  w i ndo w i n t o  t h e  r h y t h m i c  t i m i n g  r e l a t i o n s h i p s  i n  human 
c o r t i c a l  p r o c e s s i n g .
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TABLE 1
The t a r g e t  c o n d i t i o n  s c h e d u l e s  f o r  each o f  t h e  t h r e e  
s u b j e c t s  a c r o s s  s e s s i o n s  i n  t h e  t e m p o r a l  d i s c r i m i n a t i o n  
e x p e r i m e n t .
SESSION 
TRAINING 1 2  3 4
J . S .  S S S C C
D.R.  C C S C S
K.M. C C C S S C
The " c o n n e c t e d "  c a t e g o r y  i s  r e p r e s e n t e d  by C and t he  
" s e p a r a t e d "  c a t e g o r y  i s  r e p r e s e n t e d  by S.  I n  a l l  c a s e s ,  t he  
t a r g e t  c a t e g o r y  d u r i n g  t h e  i n i t i a l  t r a i n i n g  s e s s i o n  was t h e  
same as t h e  t a r g e t  c a t e g o r y  d u r i n g  t h e  f i r s t  s e s s i o n .
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TABLE 2
The number o f  h i t s  ( H ) , m is s e s  ( M ) , f a l s e  a l a r m s  (FA) ,  and 
c o r r e c t  r e j e c t i o n s  (CR) f o r  each s u b j e c t  a c r o s s  t h e  a l p h a  c y c l e  
and c a r d i a c  c y c l e  c o n d i t i o n s  o f  t h e  s i g n a l  d e t e c t i o n  
e x p e r  i m e n t .
SUBJECT CONDITION TYPE OF RESPONSE
H M FA CR
DNZ 43 17 29 31
DP2 1*0 20 18 1*2
DPP 33 27 26 31*
DNP 37 23 17 A3
SNZ 33 27 22 38
SPZ 37 23 27 33
SPP 31 29 22 38
SNP 40 20 24 36
DNZ 1*2 18 26 34
DPZ 36 21* 31 29
DPP 38 22 36 21*
DNP 49 11 35 25
SNZ 30 30 23 37
SPZ 38 22 33 27
SPP 39 21 28 32
SNP 45 15 30 30
DNZ 36 24 21 39
DPZ 45 15 15 45
DPP 43 17 27 33
DNP 38 22 25 35
SNZ 39 21 22 38
SPZ 38 22 23 37
SPP 35 25 20 40
SNP 1*0 20 15 45
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TABLE 2
The a v e ra g e  D ( d e t e c t  i b  i 1 i t y )  s c o r e s  f o r  each s u b j e c t  a t  
each o f  t h e  a l p h a  c y c l e  and c a r d i a c  c y c l e  c o n d i t i o n s  o f  t h e  






K . R .
1 . 26  
1 . 27
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1 . 73
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I .18  
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The a ve ra g e  t a r g e t  and n o n - t a r g e t  r e a c t i o n  t i m e s  (msec . )  
f o r  t h e  s i g n a l  d e t e c t i o n  e x p e r i m e n t  a c r o s s  a l p h a  c y c l e  and 
c a r d i a c  c y c l e  c o n d i t i o n s .
Sub j  e c t J . S . S u b j e c t  K . t t . S u b j e c t D.R.
T a r g e t  Non-■ t a r g e t T a r g e t  N o n - t a r g e t T a r g e t N o n - t a r g e t
DPP 972 ( . 01.) 91*1* ( - . 5 6 ) 1085 (.01.) 1131 ( -77 ) 1012 ( - .81.) 1153 ( -83)
DNP 919 (-1  . 1 1) 992 (.1*8) 1061. ( - . 28) 1177 (1 . 1.8) 1099 (- 19) 1130 ( . 56 )
DPZ 9 1 1 ( “ 1.27) 998 ( . 61 ) 1050 ( - . 1.9)  1121. ( . 65) 1039 ( - . 5 D  11 95 (1 -3 3 )
DNZ 952 ( - . 3 9 ) 966 ( - . 0 7 ) 91+7 ( -2  . 11) 1 0 5 5 ( - . ‘*2) 9 U2 ( - 1 . 6 8 ) 1 2 0 0 ( 1 . 39)
SPP 912 ( - 1 . 27) 918 ( -  1 . 32 ) 1053 ( - - ^*5) 1098 ( . 25) 985 ( - 1 . 16 )1068  ( - . 18)
SNP 950 ( - . 1.3) 958 ( - . 2 6 ) 1062 ( - . 31) 1 0 0 0 ( - 1. 28) 939 (“ 1 . 71) 1 1 8 0 ( 1 . 16)
SPZ 1010 ( . 87 ) 1 0 6 2 ( 1.99 ) 1012 ( - 1 . 09 ) 1176 ( 1. 1. 6 ) 1029 ( - . 61.) 1109 ( . 30)
SNZ 995 < -5* ) 1061 ( 1. 9 6 ) 1099 ( . 26) 1180 ( 1 . 5 2 ) 1073 ( - . 11 )  1171.(1 .08)







The f r e q u e n c y  o f  " s e p a r a t e n e s s "  j u d g e m e n t s  i n  t h e  t e m p o r a l  
d i s c r i m i n a t i o n  e x p e r i m e n t  a c r o s s  t h e  c o n d i t i o n s  o f  t h e  a l p h a  
c y c l e  and t h e  c a r d i a c  c y c l e .
S u b j e c t  J . S .  S u b j e c t  K .M.  S u b j e c t  D.R.
DPP 88 A8 69
DNP 87 56 60
DNZ 62 75 7**
DPZ 66 60 80
SPP 79 60 71
SNP 75 62 73
SNZ 78 59 59
SPZ 67 62 71
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TABLE 6
Average  i n i t i a l  t a r g e t  and i n i t i a l  n o n - t a r g e t  r e a c t i o n  
t i m e s  (msec. )  f o r  t h e  t e m p o r a l  d i s c r i m i n a t i o n  e x p e r i m e n t .  
These s c o r e s  a r e  l i s t e d  a c r o s s  s u b j e c t s  and a c r o s s  a l p h a  c y c l e  
and c a r d i a c  c y c l e  c o n d i t i o n s .
S u b j e c t  J .S . S u b j e c t  K.M. S u b j e c t  D.R •
T a r g e t  Noni - t a r g e t T a r g e t  N o n - t a r g e t T a r g e t  Non -  t a r g e t
DPP 1076 ( -  . 97) 1199 ( -76 ) 581 ( - . 6 2 ) 736 (1 . 38) 897 ( - . 80) 1048 ( . 36)
DNP 1052 ( - 1 . 3 1 ) 1 1 3 4 ( - . 1 5 ) 545 ( - 1 . 0 9 ) 709 ( -99 ) 93 9  ( - . 4 8 ) 1089 ( - 68)
DPZ 1139 ( - - 0 8 ) 1240 (1 . 33 ) 542 (-1 . 13 ) 713(1 . 08 ) 826 (-1 . 35) 1123 <-9^)
DNZ 1125 ( - . 28 ) 1219(1 -04) 540 (-1 . 15 ) 711(1 . 06) 828  (-1 . 34) 1 1 3 8 ( 1 . 06)
SPP 1187 ( . 59 ) 1 ’ 92 ( . 66) 5 4 7 ( - 1 . 0 6 ) 696 ( . 86) 869  (-1 . 02) l l  19 ( - 9 1)
SNP 1227 (1 .15 ) 1157 < - 17) 585 ( - . 5 7 ) 678 ( . 63 ) 874 ( - . 9 8 ) 1089 ( - 68)
SPZ 1 0 0 4 ( - 1 . 98) 1180 ( . 4 9 ) 5 6 7 ( - . 8 0 ) 696 ( . 86 ) 961 ( - . 3 1 ) 1 2 7 9 ( 2 . 1 5 )
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Figure 1. A model of the relationship between cortical synchrony 
and the alpha rhythm (Lindsley, 1961). As depicted 
at the top, the alpha rhythm is assured to arise when 
the cortex beats at one homogeneous rhythm. As depicted 
at the bottom, law amplitude desychronized waves 
are thought to occur when different parts of the cortex 
are differentiated in rhythm.
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Figure 2. A model based upon data showing the relationship 
between synehronicity in unit activity recorded 
from four different channels (El-54) and rhythmicity 









Figure 3. Diagram of the phases of the alpha cycle and the
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CAREtEAC AND ALPHA CYCLE PHASES
Figure 4. Deteetibility scores across the different alpha and 
cardiac cycle conditions.
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Figure 5. Post hoc model of the "alpha neuronic shutter" at
carotid diastole and systole. As this model indicates, 
the shutter appears to be open for a greater portion 
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CARDIAC AND ALPHA CYCLE PHASES
Figure 6. Difference between target and non-target reaction 
times across alpha and cardiac cycle conditions. 



































SPP SPZ .SNP SNZ EPP EPZ ENP DNS 
CARDIAC AND ALPHA OTOE PHASES
Figure 7. Difference between initial target and initial non-target 
reaction times across alpha and cardiac cycle conditions. 
•Hie larger differences are at the alpha cycle zero 
crosses.
